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SECTION 1 PORTIVENT. DATA
\\.,H, ".

The following tobulation surmarizos data which arc perbinont
to the design of tho initial and ultimatc developmonts of
Bormington Daris

1. Iocation, -
The dan is %o bo loeated on the Coatoocook Rivor,
one half (1/2) nile south of tho Town of
Bennington, N. H., ‘approximatoly 18 niles north-
cast of Keonc; Now Hampshire, and approximatoly

at river nilo 147 above tho mouth of tho Merrinack
River.

. 2+ Drainagc Arcas -

Net Droinagc Aros, 142 Sq. Hi. i
- Gross Drainage Arce 186 Sq. Mi. )
3. Mctoorolofical Datae —~ ) ) . e
Avorage Annual Bainfall 39488 inches
Mk Bl-HONPTOBARASEE R, 1. ) 5,97 incios
Y. Flood Data. - 5 November 1927 5,500 cefes.(Bst,)
19 ¥arch 1936 13,600 caf.s. |
W 21 Septenbor 1938 15,400 cof.s. »
b» Hydrological Datae - - . -
, Averago Yesrly Flow - 300 cefase .
Average Aamual Flood ’ 3,100 cofes -
6. Rescrvolr Dota, - Lo Initisl Ultinato

Flood Control'Storage 60,000 noro fhe 50,000 acre fhe

}
Conservation Storage 1,500 nero ft. 50,000 acro ft. |
Consorvation Storege : ‘

Blovation . , 6782 699.5 A
Longth of Consorvation '$
' Pool : %8 niles 9.2 niles i
Arca of Consorvation R
Pool ' 300 acrce 34300 acros "
Elovation of Spillway :
Crest © 705.0 712,0 |
Rosorvoir Area at
Maxirmu Surcharge 5,020 acros 5,660 acres
Surcharce Storage : ;
Capacity . 52,000 acre ft. 56,000 acrc ft. )
Surchargo Storage ' '*1
Utilized 5+2 Inches 57 inches §
7o Dan - . ‘
v Typo - " Hollod EBarth Pill 4
e Total Longth - . 3535 foot oo
1~1 ¢
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’Initial"

13« Tailwator Blovations. ~
D VR SRR
"o Pool with Maximan Spillwey B
Discharse Elov. 676 o (I\Fin.) 6754 (Min.} "
Pool at % Outlots Discharge
Elov. . 667. -~ 667. 6
. 14, Doronstration Floods (Rosorvoir Dosign F1o0ds)er .
Co Lo Initial Ulbinate
o 1536 1938 1936
. Jatural Poak at Bomington 13,600 ols, 15'1;00 cfy 13,0600 cfs
) Rescrvoir Inflow Allowing
, for Valley Storage 16,500 efs- 18,000 cfs 16,500 cfs
. Regorvoir Inflow Roducod . : o
i by West Peterboro -
- , Reservoir 14,500  ¢fs 14,700 cfs 14,500 cfs
Co Yol. Soanington Hydrograph . 12,0 Telit 12,01
Darstion of Flood in Days 13 6 13
Effoctive Controllod Rosore
voir Discharge During Flood 1,800 cfs 1,760 efs 2,000 cfs
. Mox. Rosorvoir Discharge
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Mox. Water Surfaco Blova 706.0 702.1 712.9
Flood Control Stororce L e - “
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SECTION 1I, INTRODUCTIOH

201,  AUTEORITY,- The Bennington Reserv01r was approvel by the Chief
of Engineers 10-December 19%3 and is & part of the. comprenensive plan for
flood control of the Merrdmack River Basin as atthorized by the Flood
Control Act approved 22 June 1936 and amended hy the Flood Control Act
spproved 28 June 193%,

) R
" . {a) Flood Control Ach.— (1) Sectlon 5 of the Flood Control Act,
approved 22 June 1936 (Public o, ?38--7Mth Congress) is.ss follows:-

"Sec, 5: That pursuant to the policy outlined in Sections
1 and 3, the following works of improvements, for the benefit of naviga-
tion and the control of destructive, flood waters and other purposes, are
hereby adopted and authorized to be prosecuted, In order of their emer-
zency, as noy be designated by the President, under the direction of the
Secretary of War and supervision of the Chief of Engineers, in accordance
with the plans in the respective reports and regords hereinafter desig-
nated: Provided, that venstocks or other similary facilities, adapted - to
posgible future use in the-development of adequate electric power, may he
installed in any dam herein authorized when spproved by the Secretary of
War upon the recommendation of the Chtef owangineers.

"HLRRiMaOK RIVJR, HEW HAUPSHIRE AND lMASSACHU EﬂTb.nconﬁ
structxon of a system of flood-conbrol reservolrs in the lerrimack River
Bagin for the reduction of fiood helghts in the Merrimack Valley general-
ly; estimated construction cost, &7,725,000- estimated cost of lands and
dowages, $3,500,000," )

(2) Section I of the Tlood Gonurol Act, epproved 28 June
1938, (Public No. 761——75th Gongress, 3rd Session) is as follows:-

"Sec, b, That the follow1ng works of improvement for
the benefit of navigation .and the control of desiructive floodwaters and
other purposes are hereby adopted and authorized to be prosecuted. under
the direction of the fecretary of War and supervision of the Chief of
Engineers in accordonce with the plans in the respective reports here-
inafter designated; Provided, that penstocks or other similar facilities
adapted to.possible Suture use in,the development 'of hydro-electric power
shall be installed in any dam harein authorized when approved by the
Secretary of War upon the recommendaﬁion of the Chief of BEngineers and
of the Federal Powsr Commission, SN :

MIZRRIMACK RIVIR BASIN,- The general domprehensive plan
for flood control and other purposes, as approveéd by the Chief of Engi~
neers, pursuant to preliminany exammnations, and. survéys anthorized by
the Act of June 22, 1936, s goproved ‘and the pnoject for flood control
in the Mercimock River Pasin, as duthorized by.the Flood Control Act
approved June 22, 183%6, is,modified to provids, in addition to, the cone
struction of a system of flood control.reservoirs, related flood control
works which may be found justified by .the Chief of Ingineers,!
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(b) Present Plan.-— The Bennlngtqn Reséiyoit was: no'cz}nclsgzzded e
in the orfgiiial’ comprehensive plan’of reservoird and, PeTAted %ilood eon- U
trol workd, but as a result of extensive :.nvestlga.’azon!f By and n ac-
" cordance with the recommendations of the Board.of Engineers for Rivers x
and Harbors, wes approved hy the Ghleffof JIngineers. in the 10th Indorse~ -
ment, dated 1Q December 194 3 by letter from- theqchlef of - Erigingers to .
the Resident I%mbéf‘,‘ Boarrl o&mengg.neers For Rlvers amd ﬁarbors, dated .
6 December . ],911-1.4 suj Sotis zf ese::goir Plans. fors o000 ogk Basin,

New Hampshire, ' Fi".tevmuﬁ 02 (Morrimack iy ore; ;:P:‘I.»I:%’Pﬁ,,!lf%ﬁ%""“@ Resy) o,
Ui, and was substituted together witdl Beapds Brook Reservoir- for the’ . T
Hopklntonaﬂveﬁett Reservoig. S e ~~uﬁéw[ . @.’< )

202, DESCRIPTION oF ,PROJECT,~ (&), ,Locatlon.—. The Henfiingbon Dam
"is located on the Contoocook RiVﬁr onadhalf (1725 mile sputh of the town
of Benn;ngtbn _New Hampshlre. o E ;
. i y M".l,‘, f*"*jz?“g‘*%&;ﬂ?\é;‘ : a e A e i h }
) ;W\H(b)vlﬂa 181 Pevsll ; sl pro DO! g@%ﬁgltlai%flood cons -
trod development "ofithé B n&ﬂggnﬁf§i§eﬁ§hbﬁ '”@bﬁ?ﬁsﬁ"nﬁ Snatidy N
ogee type concrete”splllqhytﬂcongﬁéte@hbqﬁmengg‘an@ :&&%E#fifleﬂfbmbanhw* <
mént sections, * - The.- cqnczsébsabu%menﬁsﬁagggadja@éﬁt$%0r%h§¢spzllway ofid  ~ 7
consist of gravity secﬂionﬁ 97’-6" Totig which connect with the earth em-
bankmenbs. The embankment sections have an agersgate length of 3255
£eet, a maximun height of 6 feet and axre constructed of rolled earth
Fill w;thhdAge§tral 1mgenv§ous porey The{embankment s proteufed by ot
an upstreaMLrogkéhxgggﬁ £ ‘dﬁddwnsﬂneam mnckfilled«draznabe*tapg Tne =~ =
t0p width 6fxthel da %hﬁ yiarerags, slqpe N

A &» %
,t o0

.

?
of 1 on 2-1/2 on the upstrqam s:tdfe ik 1 Qy 2—- T/s o the (S ET08 = - 2. s
side, The top width and side slépés of’ th@ ultimate‘e tggkmenb<will be o
similar to “that of ﬁhe*lniﬁfhl consﬁrustlo ' Dhe st¢ll ing basid is coim
posed of a concrete mat with relnfgrcad cohcrete baffles, end sill} and
conerete gravitwutype guide walls. It is proposed to -cons truct the dam
initially fdr Tlood control only, and provisions_ are made ‘in the design .
of the iﬁltlal«stagegtpﬁenable r3151ng the embankment,wgpillWay and abutw
m@ntsh e et >3
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: (c) Tt Emate Dcvaiopmenﬁ.— Tn‘vreh aftajsflma*r éfﬁrﬁ%fé?ﬁﬁ%ﬁif‘ Bof
an analysis of this vroject for future: conserwatmon?stoﬁ@ghﬂmn*addlﬁion e
to flood control storage,gproﬁision hag been madé-in Yhg'-initial design -
for an ultimate addibion of seven () feet %o the spillway<end six (6)
feet to the ‘embankment and abutments, - The wltimate: constrii¢tion: will
accommedate . an, addltlonal 30 000 acre feat“of storages. . -

(dQ Sp111Way Structuresil“The,spillway structure _has a crest
length of 300 Teeb ob Wiev ation: 705, dnd a maxipum, ﬁezi“"hﬁ'ﬂﬁ&llg#feet .
Bix (6)_gated con&uits,,k‘ wide by 61, hagh, are\centrall ogatedin . - -
the spillway for control of‘the diapharge.‘,Access is: gggnﬁ&ﬁto -the -
gate chambers from the equlpment building which is located on the down-
stream berm on the east gide of the still;ng basin by means of a passage-
way incorporated ‘with the still;ng bagin gravity. wall, thence through ‘
the spillway. sectlon-$o the various gate chambers, thence bo an adit on
the west side of the spillway. This plan provides an emergency exit and s
o

- N - » - r

e St s i mraaa = B R e [, - T P RS 5 5.



a convenient method of access from one side of the dam to the other. A
detailed analysis of design is given in Section VIII of this Analysis
of Design,

{e) Equipment Puilding.- The equipment building is located
alongside the spillway as shown on Plate A-2. The buzlding is of i
brick masonry with limestone trim and has a concrete basement section
as shown on Plate A-20, Access to the passagsway through the spillway
is gmined from the heater room in the basement of the building.

(£) Maintenance Building,- A maintenance building constructed
of concrete block and having a pitched roof with asphalt shingles and
provided to house a shop, tool room, oil and paint storeroom, general
storage space, toilet, shower, dressing room, and heater room is con~
structed alut 200 feet east. of tho equipment building adjacent to the
access road leading to the equipment building and the spillway. (See
Plate 4-2). A three-car garage with. shop space is attached to ons ond
of the building. IDuring the construction of the dam this building will
be used as a temporary field office, (See Plate A~21,)

(g) Access Roads,~ Two access roads are provided. The access
road on the east end of the dam leads from a proposed highway to the
maintenancs building, equipment bulldlng and the spillway. The access
road on the westerly end of the dam leads off  the existing U, S. Highway
Route 202 to the top of the embahkment, (See ‘Plate A-2). Posts with
chains are provided to prevent use of either access road by the general
public,

(h) Downstream Terrace and Dike.- The downstroam terrace 1s
constructed of random pervious materials rolled into a semi~compacted
mat as noted in the specifications, The dumped rock dike is constructed
along the edge of the discharge channel and the arsa between the dike
and the embankment is filled with random materials, compacted, as noted
above, to form the downstream terracd,

(i) Bstimatod Cost.- The estimated cost for construction of
the dam over & period of two (2) years is $5,777,000, which includes
the reservoir and construction costs.

. 2-03. DEPARTURES FROM DEFINITZ PROJZCT RZPORT.- (&) Changes
Recommended by New England Division Office.~ (1) Elimination of Trash
Racks and Addition of Loz Booh.— in’ the first indorsement dated 30
April 1945 to the letter of transmittal of the Definite Project Report,
Division Enginecr to the Chief of Enginecrs, the following staterents
were made with reference to eliminating the trash racks and substituting
of log boom therefar:

1 +
"It is sugegested that trash racks be climinatod at the entrance to
the outlot conduits., It should Be noted that in order to maintain a
minimum flow in the river to compensate for fthe loss of the Powder hill
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(3) Cobble Blanket on Downstream Face.,~ The downstream
slope above the elevation of the top of the rock fill on the downstream
slope is protected¥against surface ercsion by a one~foot thick layer of
cobbles which may be obtained by collecting oversize stones from im~
pervious and random gections, from raeking the surfacé of the seclected
perviocus section of the embankment during construction, and from other
sources to be determined by the contractor., It was the intent of the
original design that this blanket be sand, gravel and cobbles. This
change from sand, gravel and cobbles, to cobbles only was influenced
by the fact that there would be a large quantity of cobbles available
from culling the fill and from the borrow areas and that the cobbles
would afford more permonent protection for the sids slopes than sand,
gravel and cobbles,

(4) Brimination of Removable Block on Top of Spiflway.~
The removable block sectiofr shown on the original drawings of the spill-
way and originally considered a convenient means of keying the ultimate
section of the spillway with the initial section, is eliminated., When
it is decided to reconstruct the dam to the uwltinmate height, it is be~
iieved that it will be simpler to cut a keyway in the concrete than it
would be to attempt to remove a definite proformed section of concrete.
It is also believed that a nowly cut section will afford better bond
betwoen tho ultimate section and the initial structure, and that since
there will not be any reinforcing steel in the concrete section to be
cut, the keyway can bo neatly constructed,

- (5) Elimination of Seepage Drain Pipes from Spilluay.-~
The seepage drain pipes shown on the original drawings and intended %o
provide escape through the spillway for any water entering the joint
between the original concrete spillway and the concrete segment added
for the ultimate is eliminated because it is believed that the head of
water would always be the same both inside and outside the joint; and
should the head on the ocutside receds, the head i1n the joint would
also recede though at a2 slightly slower rate due to the rosistance
offerecd by wall friction in the Jjoint, It ig also believed that no
harm would be done to the structure with water standing in the Joint.
In view of this supposition it 1s further believed that the seepage
pipes would not provide any practical use,

(6) Modification of Bguipment Building.- After a more
detalled study of the layout and facilities of the Eguipment Building
the following addltions and changes were made. {See Appendix IV of the
Definite Project Report, Paragraph g):

a. Tho framework of structural steel in the walls
is eliminated.

b. Space for a repair.shop is provided on the first
floor,
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SECTION III., SELECTION OF SITE AND TYPE OF DaM

3~01, INTRODUCTION. ~ The available limits within which the
dam could be located are included within the entire reach of the
Gontoocook River hétween the Monadnock Power Dem.and a point approxi-
mately 1,200 feet upstream from tHe Powder Mill Dam, The area within
these limits was explored for the wost sultable site by the usual
methods of damsite explorations described in other sections of this
design analysis, Following the completion of the subsurface explora-
tion, numerous engineering studies and comparative sstimates of various
arrangements of structpres were made, With consideration given to
the initial and the &ltimate developments described in the Definite
Project Report, the most sultable and economical location and design
were selected, .

3-02., BREIZCTION OF DaM SITH.~ The nuﬁlber of possible damsite
locations included in the investigations was reduced considerably due
to the fact that the underlying strate of the upstream area was con—
sidered too pervious foy the foundabion of heavy masonry structures.
The down stream area was consfdened‘unsatisfactory since a dam construce
ted in this area would encroach gpon the town of Bennington and Qdecrease -
the efficiency of the Mcnadnock Power Dam and the diversion canal, hoth
of which are owned and used by the Monednock Paper Mills. The szte
selected as most suitable, giving due consideration to the reasons set
forth above and the value of the site selected as a damsite, is shown
on Plate No, A-2,

3~03. SELECTICN OF TYFE OF DiM.~ (a) Further foundation explor—
ation was authorized as soon as ¥he damsite was selected, This explora—
tion revealed the surface deposits to be gravelly and silty sard to a
depth of ten (10) to.fifteen (15) feet, Beneath these surface deposits
the soll in the east bank is a compact glacial till which is continuous
to bed rock and provides an excellient foundation for the abutment and
splllway structure, This till extends under the river bed and tapers
out in the west bank where the till is underlain by variable sands and
silt as shown on the geological profileés on Plates Nos, VI~l and VI-2.
Except for a small area where-till exists as a thin layer near the
ground surface, the west bank is composed entirely of sand and silt.
Bed rock varies in depth between fifty (50) feet on the east bank to
more than one hundred fifty (150) feet on the ‘west bank below the
ground surface,

(p) In view of the heterogemous foundation it was decided
that an earth fill embankment was the most economical section, The
section of dam selected has a central impervious core flanked by random
£111 and blanketed with pervious fill on the upstream and downstream
faces, as shown on Plates Nos, Awlh and A-15, The upstream face and
aownstteamhtoe,aré further pfotected by o dumped rock blanket, The down-
stream face is protected by a cobble facing, With the exception of
rock, all materials for the construction of the dam are available within
the immediate vieinity of the dam, Rock is available at a borrow area
approximately 3 miles from the dam site,
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Plate A~1, will reguire ejther relocation or raising,

(2) Route No. 202 which is located along the westerly
side of the river between Peterboro and Bemnington is subject to
inundation for a total length of approximately three {3) miles. It g
is proposed %o relocate the affected portions of the road on higher
ground With an elevation adquate to meet the requirements for the
ultimate development,

<

(3) It is proposed to relocate the second class surfaced - .
highway, which is now located on the easterly side of the river within ’
the proposed dam site, onto high groand eagt of its present location,
The main access road to the operating buildings of the dam will connect
with the relecated road and provide access to the dam site from the
larger villages in the vicinity, Other sections of this road which are
subject to lnundation during flood stages in the irnitial development

BeMeaniid b tmmek = e e Lo o

will be raised to a minimum elevation of 708, When the ultimate dev— -
elopment is constructed, these roads will be raised to elevation 715.0 i
or relocated, whichever is determined to be the most economical, o

(W) BRelocation .of Second-Class Road,~ For the initial
stage 1t is proposed to raise the second-class road, located within the 1
limits of the reservoir, to elevation 695,0 to provide access between )
the villages of Greenfield and Hancock during periods of high water .
other than extreme flood flows, It is also proposed to replace an exist-— -
+ing bridge with one of higher elevation in order to obtain clearance '
for the extreme flood flows, For the ultimate stage it is proposed to .
relocate the roasd on higher ground downstream from its present location ’
and to construct a new bridge.

(6) Communication Lines.~ A trunk telephone line in
the area will require relocation, Other communication and power lines
serving only the reserveir basin will be removed as they will not be
required after the dam is constructedws

. {7) Conelusions.~ The problem of relocation of rallm i
roads, roadways and utilities do not pregent any great difficulties, o
It is believed that the solutions discussed above are the most econo- ¥
mical and feasible,
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SECTION IV, HEYDROLOGY

.01, INTRODUCTION.~ The purpose of this section is to present
a resume of the hydrological studies made in order to develop the
design of the Bennington Dam and Reservoir for both the initial and
future developments, The scope of this section includes summaries
of pertinent features,; precipitation and run off, record fleods, chan-
nel capacity, reservoir arés and cgpacities and spillway design flood,
Detailed discussions of the hydrologicsl features of the project are
included in Appendix I ~ Hydology of the Definite Project Report on
Bennington Reservoir, April 1945, Pursusnce of the studies of the
above features resulted in the determination of the reguired height of
the dam for both the initial and ultimste development in order to pro-
vide protection against overtopping during the worst possible flood
conditions,

4-02, PRECIPITATION AND RUN~OFF,- (a) Reanfall,- The average
annual rainfall in the Contoocook River Basin above the Bennington Dam
Site is 39,88 inches, This figure is the average figure obtained from
records of six U, S. Weath@r Burean Stationg located in adjacent locali-
ties, These stations have records ranging from twelve years to sixty~
six years in length, The records of the nearest well—equipped Weather
Bureau Station, which is located at Concord, New Hampshire, show that
over a periqd of seventy~four years the greatest 24hour precipitation
amounted teo 5,97 inches, There is no significant seasonal variation
in precipitation as the annual rainfall is fairly well distributed
threovghout all the months of the year, Generally, short—period rainfall
intensities occur more frequently in the late spring and summer while
excessive rainfalls of longer duration occur more frequently in the late
summer and early fall,

(b) Run-off,- Daily flows have been estimated at the dam site
for the peried from September 1917 to the present time, by prorating the
records of adjacent U, 8, Gevlogical Survey streamgaging stations to the
186 square mile drainage area of the dam site. Discharge hydrographs
for the period from September 1917 'to September 194U are shown on Plates
A~3 and A-U, TPhe average yearly flow indicated by this record is ap—
proximately 300 c.f.s. The average annual flcod for this record is
estimated to be sgpproximately 3,100 c.f,s.

4-~013, FIOODS OF RECORD, Utilizing obgserved flood stages at the
dam site and comparative concurrent flow records of adjacent gaging
stations, the instantaneous peaks of the floods of November %, 1927,
March 19, 1936 and September 21, 1938 were estimated to be 5,500, .
13,600 and 15,400 ¢.f.s., respectively.

’

40U, CHANNEL CAPACITY.~ The channel capacity in the Contoocook
River below the Bennington Dam site limits the maximum allowable dis-
charge from the outlet conduits to apnroximately 4,000 c¢.f.s, This rate
is determined from computations of the capaglity of dewnstream dams and
from field observation of actual flood conditions at the site, Due to
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E - T of T12,¢ 0, ~less flood eont:cokgskorage, is. requ.ired in, the. ultimate dével~ -
B ’ -opment’ beeauqé of the addiﬁianal‘“s‘t:‘drég‘e" at Wesy Peter‘bpro Reservbir and ..
-gince the 30mfo0t: head pro ded on; the Quﬂet “o¥

o ,results in & greater‘ mxﬂ;t- ,’ﬁischarge, A e ;

- ~ .
&

406, RESERVOIR DESTGH TLOOD. ~ Bwo (2) seévere-floods of recérd - \ <
- ) occurring in March 1936 and. beptember 1938 Were,(usecl as feservoir ‘design i p
R :t‘lood “bo check the storage, the design discharge and” the propose;i me thod f
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of the operation of the dam, Thﬁ 1936 flood vas practically a three-
peak flood of thirteenm (13) days duration and had a large run-off
volume., The 1938 flood was aﬂgnedpeak flood of six {6) days duration
and had & higher discharge than thé 1936 flood, but had less total
volume, With the gates operated.as discussed in Section V, the maxiw
num stage resulting from routing the 1936 f£lo0d through the reseryvoir
was elevation 706,0, and in the _1938 flood the maximum stage was 702.1,

4-07. SPILIWAY DESICN FLOOD. - (2) Construction,~ The spillway
design flood was constructed oh the basis of unit hydrographs and maxmom
possible preclpitation, An inflow bait graph, computed from the Teser-
voir inflow hydrograch of the. September 1938 storm, was modified %o
represent an inflow graph anplacabie to rates of run-off expected during
the high rainfall intEnsitiea. ?mhe modiﬁication wag made with the use
of empirical formulae' developed”%y;ﬁranklin ¥, Snyder and treated in
his article on "Synthe tic Unit Graphs", which wag published in the Trans-
actions of the American Geophysical Union, Part i, 1938, The maximum
possible storm rainfall to be eéxpected over thig area as determined by
the Hydro~meteorological Section of the. Weather Burean was 17,4 inches
in a 2U-howr period, After de@ucting thefinfxltration losses a run~off
of 16, 30" inches remained. Vith a base ﬂlow of 5 c.f.s. per square mils,

.
PR

the resulting spilfway ﬂebign flood hydrograph has a peak of 77,600 ¢.f.s. w~

{v) Routing - In order &o allow for all confingencies and
also provide a safety factor commensurate with the economic magnitude
of the projeect, it was decided to consider. thaﬁ all the flood control
was utilized by orevious run-off end thst all outlets were rendered
inoperative through condult obstructions or mechanical gate failares,
Thus the flood was routed through-mhe spiIlWay surchargeé storage bewe
ginning 2t elevation' 705,0, inithe’ casé of . the- initial-development and
at elevation 712,0, insthe case of the ultimate development Congidera~
tion was not given to the effect Bf proposed Upstream reservoirs as the
magnitude of this effect. on tHe . peak of the, outflow hydrogranh is prace
tically negligible, The spillway design flood was routed throogh the
300 foot spiliway surcharge storage in ‘the initial development resulting
in a pesk outflow of 45,900 c¢.f,s. and & maximan pool elevation of 716.8,
Routing the spillway désign flood through “the 300- foot gplllvay surcharge
storage in the ultimate develoPmeﬁt gave=a peak outflow of 42,200 at a
meximun pool elevation of 723.1. :

¥
Taw ]
P (

(e) TFreeboard Requiremeﬁis;~r(l)"Initial Development .~ The
wave helight was computéd‘by means oi\the StevensonsMolitor formula:

o:mﬁrﬁ,l 2.5 - YF
Where H wave height in feet .
v wind velocity in miles per hour = &0

r= fetch 1n atatute mlles 5_5
W 1 y

Solving the above formula. the:Wawe height equalled 4,53 feet, The wave \

rideup was computed ab‘I*h times. H, the  tofal height of wave from crest
to trough, The formula” of the Lorentz Zuierzee Gommission of Holland,
published in 1923 and gtated below was used in computing the wind setw
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; ' \J\ o J"\ oo = 4_1}"1,,“ ﬁ%
™ - \ . - ' n
. > § = .00125 ¥2F cos & . -
' - K P
¢ - s = wind setun in feet“ ; S C b
- “ e P velocity’ of wind 1ﬁ~miles per hour = §0
£ f ,whexl"e‘:f : ‘:, N N ,‘ . ’ (‘;’ : r} ] _;'; §z<\ ’ R «j
o A fetel in *st»atute il "% 5: 5 Sy
% . - -
D = depth in fee‘b = 140 N oo 5

A = angle at wind fetch = 0
Solving the ;abeve, formula, the wind setéup, equailed %, 1 feet. The ,
A freeboard required. for the‘ epillwamdnesiign flo‘od“in 4he initial devel-
’ . opment was compu’bed\ %o .be 7*5 :Eeet by modify?g.ngg@ges wave height by the
Tt wave ridenp- factor and adding 4t to “the ‘wind’ sefc@&p’. < The top elevation .
of the dam was then*de\termined ag :t‘el:!.ov.re*'r JEEE SN ‘ L
" i .
Elevation cresb of spillway 705.0
Maximum head on spillway 11,8

Vo Freeboard reguireinent )
S 2.3
.. Adopted, eleve,trion for “$ap,
\ ‘  of’dam, DA S e Tl 0 o
; . . (2) Ultimate Development,— ‘I.‘he same; :E‘ormulae were Pe

used in computing ‘the freéeboard-for the ‘ultimate” development as were

used in compubting the ‘freeboard for' the initial development, The only = ‘w
- difference introduced 1n the computation was in the valte of the depth,
. WpY, which increased by seven (7) feet, This decreased the wind setup
. by 0 2 of a-foot, giving a figure of 7.3 feet for -the required freeboard,

) . The top elevation of the dam in the b,lti:ma:oe fdevelonment was detemined -
' as follows- - . 3
A , T - - S
" Elevation of crest of “spillway 712.0
Maximum head on spillway 11.1
Freeboard requirement’ Te3 ,
L 730e ! '
3 ) Adopted elevation for top of
- dam. | ) ) 730.,0

. : ‘(3) Adopted-Blévations, « 'l’h” "éfé. 'otea ‘elevations for
the top of ‘dam have been determined by round.ing; off “the eomputed eleva—- T
' tions to the nearest lower foot. UThis is considered justifiable in
view of the extreme imprebability of all the adverse criteria occurring
. simaltaneously, il.e., maximum possible storm occurring with flood control
reservoir full and all six outlets inoperative followed by & gale of hurri-
cane proportipnsAstmking the maximom poel level at the exact angle .of
meximum' . fetch at ‘the instant of maximum outflow, The adopted-elevations
in effect establish ‘the freeboard of the initial development as 7.2 feet
and of the ultimate development as 6.9 feet, * f

£

4~08, COFFERDAMS DESIGN FLOOD. - The diversion of the river during \__;
construction will be accomplished by means of a cofferdam downstream from

-
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Powder Mill Dam. Inspection of & composite hydrograph indicated that
storm discharges in excess of 5,000 c.f.s, at Bennington occurred only
four times in the period 1917 to 164Y and two of these floods occurred
during early spring run-offs. The routing of two of these Storms

(6 April 1923 and 2U June 194U) through the six open conduits of the
dam gave pool elevations of 681.,0 and 683,8 respectively, On this
basis the cofferdam elevation was established at 685,0, allowing 1.2
feet of freehoard for the greater storm, This height is considered
adeguate to prevent overtopping, consldering the severlty of this
partfcular flood, The top of the downstream cofferdam was established
at elevation 670.0 for a discharge through the six conduits of 3,300
¢.f.s. This height provides & freeboard of 1,0 feet if the flashboards
are not reroved from the downstream Monadnock Power Dam and 2,9 fest
of freeboard if the flashboards are removed or fail,
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{ ot ! SLCTION'V, HYDRAULIC DESIGN: . .

-

5«01, INTRODUCTION.- The purpose of this scetion is to prasent
the various hydradliec arxterla for the design of the dam and its
pertinent structures and to indicate the formulac.and coefficients
employed snd assumptions made in the ocomputations, The scope of
this section includes -discussions on the basis of design, eriteria
for the imitial and'ultimate developments, conduit structures, reser=
‘voir conditions, gating facilities, spillwey and stilling basin
features, and cofferdams., & bibliography of the reference books re-
‘ferred to in the design’ and computations is given at the.snd of this
section,

502, OENERAL.- fa).Basis -of Designe.~ The dosign.of Tthe dydranlic
features of the Benningbon Dem are based on thooretical anelysis syp-
plementod by results of hydreulic model studies for similar structures
under comparable conditions, Kksteblished precedent has been followed
in e}l instences where possibles The desagn considers all contlngencies
and ls as conservative as possible within rcasonable economic limits., 4
bibliography at the end of this section lists refersnces and special
publications used in connection with the design.

(b) Influénne of Site Conditions.~ The design of the conduits
end dverflow section is influenced by the location of the dem and prior
use of the river., The flood control dem 1s to be locatsd about one-half
mile south of the Town of Bennington, New Hampshare, and sbout 600 feet

s ' downstream from tho Powder Mill Dam of the Monadnock Paper Company. This

dam is used at present to maintain a pool for storage and stream regula-
tion. The erest of its spillway is elevation 675.0 with flashboards main-
tained at elevation 678.2. The control eguipment of this small dam 1s to

" be removed upon completion of the flood sontrol dam and the regulstory
functions of the Powder Mill Dam will be taken over by the flood control
structure. About 2,700 foet downstream from the proposed location of the
flood contrel dam 1s & small dam and power pgenerating stution of the lMonad-
nock Paper Company, referred to herein as the Monadnock Power Dam, This
“dam forms the tailwater control for the proposed flocod control structure.
The erest of its spillwey is eleVatlen 663,5 with flashboards mainteined
to ‘elevation 6655,

: (¢) criteria for Imitia}l Development.- The oriteria for imtial
hydraulic requirements are as follews: (1) The present conservation pool
at Blevation 678.2 shall be maintained and regulation of normal river
flows equivalent to - the present regulation by means of the Powder ifill
Doam shall be obtazned. o

(2) In the svent the river inflow oxceeds the downstream
- chanmel capac;ty, the\raservuir outflow shall be limited to the chennel
capaazty, and all excess shall be stored in the flood control pool. The
out £ ow rogulation shall bd aceomplished by gote opcratlon.

s
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(d) Criteria for Ultimate Development.— The .eriteria for ultimate
developnent of the overflow seotzoa are as, follows: - = - .

& A

"

4 .

(l) A chservatlon pbol at Elevat;on 699 :5¢shal )l be.main- .
tained for’'downstreem flow regulatzon +0. provide optimﬁﬁ“ben@ﬁﬂmﬂwxdown, i
stream water users. A P 7 e el

.
. ~ . s - !

P W, 2 -

{2} Flood regul&ticn_and passage of severe- floods over sthe
spillway shall be asccomplished as specifled for the initial. scheme.

5-05 QUTLETS e~ (2). Hyﬂrgulle Grlterla.- The cr;terla governlng the
hydraulio design of The’ outléts CECHE follows: v .

‘ﬂ‘zr’_ o \:\5

g (1) The Qutlets shall ;eadily‘dlsch&rge normal dariy fiowsﬂ SR
with a minimum of gate operatxon. ’ C AR
(2) The outlets shall discharge, w1thout -‘partial gate
openings, approxlmately 1,000’ c.f.s., with reserwvoir stege at initial and
ultimate spillway crests for the” control of:.flows durxﬁg flood periods and
for emptying the reservolr follow:ng floods. o c :

{ -

(3) ‘The design of the outietsashall provfde flexlblllty for . - -

possible changes in operatlng requirements. R f‘ ;. e T
. s '

/ (i) The outlets shall dlstrxbuﬁe the - dzséharge over & don-i ’ ;
siderable width of the stilling basin in order to assist in the Porme-
tion of the hydraulic jump and te dissipate the energy in the high veloczty

Jjets.

. - ‘; , . . . . -

. '{5) The outlet d651gn shallhprowlde additionsl conduits for
emergency use in case other condults becomexmnoperat1VB -ahd- for use*in o
shortenang the emptying period followmng a«ﬂull reaervoxr. .o w4 EE

(b) Desizn of-the Conduits.- (1) Gen@ral Layout.--Studles made
in designing the conduits indicabted that six’ raotangular conduits, four
feet in width and six feet high, spaced uniformly across the face of the
£piliway, will meet all the aboww crmterla. These cqndu;ts arc placed
in the spillway over?low sae%xonfxn&p;de:$¢9 utllmze a?common stllllng

AAAAA

of a Yarge number of’ relatlvely small oondults dlstrlbu$ed aorosﬁ the-a St
spillway was adopted to spread the tonduit dlscharge uni formly acroas the -7 -
floor of the stilling basin and to permit greater flexiblllty in'operat -
tions Each conduit consists of a bell mouth entrance: a gate chamber con-
taining hydreulicelly operated emergency- gates; ‘a straight tunnel section;
and a portal. The transaction between the tunnel and +tHe portal consists
of a vertical dowmward.curve wh;ch gradually converges to the porﬁal. .
The portal has flarlng ‘sidewalls’ and & dapressad rqof and its area is

i ax P
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about 9Ly per cent of the conduit area. The vertical curve is utilized

to make the flow dischange tengent to the toe of the spillway and to
prevent the jet from leaving the.apron. The flaring portsl walls and
depressed roof is utilized to produce an initial spread to the, jet which
will tend to increase-as the discherge enters the stillang besin. The
slight contraction at the' portal is utilized to0 assure thet the hydraulic
control will remain at -the portal for full oonduit discharges and to pre~
vent the ‘occurrence of 'slight nepative pressures near the roof.

{2) .Invert Elevation.- The inverts of the conduits are
elevation 667.0 in order %o satielfy reservoir and tailwater gredes. This
elevation completely submerges the mouth of the conduit below the level
of the conservation pocl, and yet maintains the portal invert above the
tailwater stage. This feature ¥'s considered desirable as it eliminates
difficulties that may résult from jce conditions which are objectionable
in this, latitude. The selected elevation allows complete drawdown of the
conservation pool and also provides a short drop from the outlet portals
to the tailwater. This feature is sdvantageous as it aids in spreading
the jot before it submerges into the stilling basin,

(c¢) Construction of Rating Curve.-The discharge rating ourve
shown on Plate V-3 was computed for a single conduit as set forth in
the following paragraphs.,

(1) Low Reservoir Stages.- The lower portion of this
ourve, up to a discharge of approximetely 340 0.f.8., was computed with
theasassumption that the hydraulic goutrol was located at the end of the
bell mouth entrance sections The discharge for flow at the oritical
depth was computed from'the formile,Q§ = A;Q%E? in which

Q £ discharge in cefds,
A & area of the wetted cross section
g = acceleration of gravity

- W surface width of wetted cross section

-l

v

Values of the constants “AP ‘and " were, determined for assumed depths
and the discharge computed. The reservoir elevation corrgsponding to
the computed discharge was -determined by adding to the assumed water
depth, the veloeity head for average velocity of flow with minimum .
energy and an additional.-one-tenth of the wvelocity head to allow for
minor upstream friction and turbulence losses, The average velocity of
flow with minimum energy was detérmined from the-computed discharge.

(2) ‘High-Reservoir Stages.~ The upper portion of the
discharge rating curve was computed with the assumption that the hy-
draulic control was locatdd at the®portal restrictioms In this section
of the curve, the condult will flow full and the discharge will act as
a supported jet flaring over the‘apron into the stilling basan. The
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ficient of w,01% fer the criere.: aua el 11tunte Lotres ewuaca ol

- curvature :n the contuit wure ec.aoutod oy Ltr-}l‘,x...g w Berandta e o i
90° bend lois :or « Lint runIio (ridius ot rene o Ciwmurer ol p.pv) of

: approximail.iy tun, <5 discussod =n subp.ra-raph () below, Oth. » lorse
such as eu~runcu,  wu¢ 6lov wnc conver juace were cormpuped by copruat.-xnual
methods. .ne cceriiel.nt "g" of eozinnt. . lostes (Loss =% 95 ) ik wer
of welocily hord 1o ti. poriel rectzon nre Listoed Loelew: cr

; . ‘Entrance Cr e o .Ohl}'i' - ‘ o ‘

Go,ndu:,tw passage (frlaiﬁon?j .dgﬁ’f 11? A .
Portal transitioh {friction)ehe’ ?“' Trlest pel TN LT
Band loss . . ., SR &1 . -
Contraction 18ss, ‘ 020

Portal velogity hesd - 1.000 ;f;, o

! .
< P T, =

PR SN SO !
(3) Discuasa.on of, Band Fgs.5e5.~ A study wes made % eval~ -~
uate the head losaioaused by then n‘trq@u@hon"\of ‘blf'éﬁvertieal eurve in - -
the conduit at the downstre ‘aﬁd.‘,. Mostf;*q?’ the omip. grica“i a.t“s‘; ol the = - R
subjeot has been obtained from‘l&bora’qory: Eests m “ei’*a“%‘“vely% shé*i‘v'lg ~r .
radil pips fitiings about giz-anches iin dlme'ber.‘ THs" daka ""xndica:bes i
thal & minimum amount of turbulence exists-when the.lratio of the dismeter ’
of the conduit to the radii of-the bend is ap r&mmtejy five} this
phenomenon is attributed to the synchron:.zat:.on af the turbulence waves
formed in the upstream-apes of -the bend’ with those formed in the down- -
stréam area. This conclysion ik ‘baged on dgta obtained from velocity ‘
traverses not only in‘the. régwn oi‘ ‘bh.e Qnd itsele byt also*,,some distence .
below the behd. Since tests ;.nd:.ea:te ’bhat"*ﬁn appreclable pari: 5F "bend losses{r::
oceur in the stra:.ght sec&tlo.n of the' oondui{: tmmedib tely dewnstraam from‘i“
the bend and since the’ jet in this inbtarice leaves the- coni‘mes of the
eonduit 1mmed1ately ‘downstream from the bend, the use of data based on
such tests is probably conservative, & qual:.tativ study of--band losses
, wes made during.thé model studi®s of the ,power tunnel ‘at-Fort Pgok, Dam .
but because oﬁ Aohis vexfing za.ppnoach condltions no- rBlB.‘tlonGhlp was estab- .
lished between: ths head- Idss B.ﬁa‘:bhek ~dGgEpe, of curv%j:ure of “the "bexd i* .
was, therefore, desided to use the’ mbhod"dasorlbegfoaﬂp’ageg“fﬂélsﬁto 1120 ’
of Croagor & Justints "Hydro-Electric Handbook" as dn’agbépteble comvens = - %
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tional method of compu'b:.ng the bend .loss albhough tlp}e\ li.mlta“plons mentioned -
above still apply.. The coefficient "K' of loskes in terms of velocity
head (loss = k v7 ) was determ:med by use of charts publa.shed in the
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diameter of the condulu is approximately ten. kﬁforrlng to Mguro 67,7
Page 119, Creagor and Justin's handbook, & bund loss coefficient of
0,42 for a 90° bend was observed: Inasmuch as the sotual bend under
discussion is approximately 13-1/2 degrees, the loss coefficient 0.42
is roiuced by & factor of 0.27 (Figure 68, pago 120, Creager and Justin)
to O 13. ‘;

(@) Design Fuatures.~ (1) Bell louth Inteke.- In designing
the curves of the bell mouth inteke of tho condult, reference was made to

~the "Report of ifodel Tests of Conduit Intekes", U, $. daginecr 0ffice,

Providence, R« I, These tests were of a qualitativs natwre designed
primerily to detormine the best intake shape to eliminate negative pros-
sures., Sinco the maxamum oonduit . veloeities at Bennangton will be ap-
proximately LO ft. per sec., bhis factor is of importance, It was also
considered desirable to shorten the bell mouth entrance section as much
as possible (8 ft. over-all) to permit the use of & ressonably long tan-
gent upstream fyom the first gabe. slot, thereby obtaining flow approxi-
mately laminer and diminishing the effect of entrance turbulence at the
gate slots An elliptical-shaped entrance profile was indicated as woell
adapted for this partioular structure. The roof of the entrance portal
was formed in the shape of an ellipse whose major exis was twice the
minor axis. The side walls werc similar oxcept that the mejor axis was
mado 1,25 times the hinor axis. The floor of the entrance Section
presented & slightly different problem since the floor of the approach
chennel is only 1.5 feet lowsr than the sill of the entrance section.

A flat parabolic ourve was selected for this transition. & comparison
of this scotion with the sections shown for ths sluicing conduits of

the John HMertin Dam, Arkansab River* on Plate 25 of the model study for
that project indicates that thas design is relatively conservetivs, A
similar comparison mede with the entrance section for the flood control
sluices of tho Wolf Creek Dams shown on Platus 6 and 8 of the model study
report therefor confirms the adsquacy of the design.

(2) Gates and G&fe Passages.~ Two gabes, an upstream

. emergency gate and a service gate, are provided in each conduit. The

gates édre L' x 6' in size and are hydraulically operated. A 16 ft.

8 in. length of metallic conduit liner is provided to protect the con-
crete ageinst pogsible cavitation due to turbulence origineting at the
gate slots. The conduit liner begins at & point 1 foot & inches up~
stream from the emergency gate amd extonds well beyond the survice gate
section., Vents ure provided for the service gates to prevent the forma-
tion of negative prossures during partial gate opening. It was not con-
sidered nocessary to provide vents for the emergency sates because of
the infrequency of their operation.

(o) Proposed Qperation,- Hormel operation of the outlets is
based on the meintedance. ol w conservation pool at Elevation 678.2 which
is the seme elevation as the pond at tho existing Powder Mill Dam located
just upstream from the .proposed dem. The Powder Mill Dam, which provides
flow reguletion for the three dams in the Town of Benuington, Now Hamp-

shirc, will be abandonod upon -completion of the flood control dam., Normally,

Ve
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~  the other getes., Instiuctions in'ghe uperata.ng; Menugd will: specify that

@&, .- . + . alternate gates'be opened,( unt:,l the fourth’ gaﬁggls“ope pd*,z*towd:.stribute

%7 . %he disohsrge over. Jbhe st:.lling Basin: - Ih the “ipi :tlél“‘“devﬂ‘opmeht‘" with
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the dlschamge capac{ty is approxlma:bely 5,,960 c\w»i’msv.," The. ML Slgpne 1~ 7
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- Be 0L¢ SPILLWAY v~ (a.) Hydraulm Requi rements JFor . 3pa,11wg,y.-(1) Ini~ )
o tial Deve LGgisrt s " ng_fgpillvu'ay 45 designed to.safely dischalge a peek o
: » flow of 315,900 éif.g. fron thé‘ﬁiaf' . pool.. ga;.ggq*ba.on\ va}flé 8 o ’che L
floor of the' 5pi11iNE basifi,Blevation:b55.0 witl q:%u%:d 7ol

o

prassures -on the underside of the™h a@pe at‘“anyﬁpown‘h*%” :
spillway sectlon\was &esa.g,ned o vo:.d Smpact &ng «%fa“eag,ue‘* ﬁ"b’::ef&sg
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structure. The spillwey crest is’ at mlevaflon“'*?OB D, -
{ - . .
S, 0 . ) " (2) Ulta.mat,e; Dea'relogmsnt.- The sPillwaJ is desig;hed to
2 - 1 - safely- dias&tharlgp a peak flow.of 42,200« eif 84 from the maximun pool .
o ) elevatlon of" —72312 ‘bo“‘fbh& flo‘o‘z‘“of the stillmg bwsnr &b Elevat:.on 656 0 P
ve] W;Lthou-k: dcveloping ~appre.cia-bla nega%ﬁivew:@ressux:es«on ’che“ungers:l.clev of the -
.o nappe &t any point and mak:tng th”’“c?b:n’s;{mﬁxr“’” ;;%hlﬁ}}soﬁats posgvoyd .
impact or fetigue straSSes in *the/s%ruatqrs. /«{Iihg;f{s i«i@way *égg?&ﬂs‘*’ wfe T e
o Blevation 712, Ou.’ The 1n1tia.l and ul‘b:.mgte spik % H;@ ‘e’*‘de's»a.gnﬁd 50 that 77
the lower spillway can be' x‘alsed‘ econo;nlcally”a;fd W‘bh the  ledst amount

of mod:.flcatlons to the basic’ structu&'e. o i

i%

v
- - -
M ~ <

. \ - {Db) Dlscharge Capac:,ty.‘ The sp:.llway ra,tn;g CUrve was computerl

N by the weiy formalas P . . .
g - Qs CLL{E/‘? P . . PR -

- ~

P

5 ' Yhere Q - “the d;,schargé in c..*fé?v P N
; ’ B ) the toefficient. of ‘disbharees %
: ) g L

.

i

the spiliway lengh in~féets-- . - ™~ -
the head in feet on 'bhe °pi11v.ray

/]

H

¥ N b

~ .

s The effect of the veloecity of épproach wais negllgl‘ble .and was omitted in .
‘the computa‘t:.ons. 4 curve of. "G“ values plotted aswafbscmsp.e agas.nst uE" o
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values as ordinates wascnnsﬁructed;beginnlng W1th %i0 ‘st zéro -Head. and ©
gradually approaching 5.8 at o da¥igu’ head of lQ,h fegts Altholigh hmgher .
coefficients have buen obtained ik model studies, it Was oonsidered‘that
3.8 is & more conservative value for design purposes, - In preparing, this

curve, referonce was madv to similar graphs shown on page, 133 of Creager N
& Justin's "Hydro-slectric Handbook" and to grephs on page 3Ll of Co Ve - . Ty
Levis' “"Handbook of Applied Hydraulics." Reference was slso ‘made to6 . ,¥f§fﬁ
U,5.G,.3, Water bSupply Paper #200.. A study of sgiilway léngth with respect R
to the total cost of the structure indicated “that a BOOhfoot spiliwdy was . A
the most economical longth. This length is also desiréble becduse it  ~ ° .-
will distribute the discharge in the stilling basin over a 1arge ares,’ L e

i

till foundetion. From this basic-date, the reting curves shown on , -
Plate V-I were computud. - :

thereby lowering the total hydrostatic head on the ‘Ampervious glacial

L i ,"f_x-;\
(c) Shape of Spillway Neppe.-(1) Initial Development:«i.The; -

P T

eguation of the overfall section oi.the spzllwayﬂwas conputéd by -mesns - F@
of the following expeonential vquation” recomiended in. Circular Letter “
No. 3281 dated Soptomber 9Ll 1;: . . . . S - e
1. 0.3 T o

X 85 = 21{6 5 y R : N i

i
vy
o

where x » horizontal dastancs from the crest line
to the point -

(l 4
-1,
7

I

[P

Y = vertical distance From tho splllway
“to the point ‘ L
He = deslgn head on ogee orest. 11ne s

-

The nappe of the spillway was based on this formuls from the- crest at .
clevation 705.0 to blevation 632,0,, the selected point of reverse curve -
ture. From this point to the floor of the stilling basin, the transition
is made by means of a circular curve with a radius of 52.3%.feet. The,‘ ‘
upstream napps of the spiliway wds also computéd a8 recomm@nded 1n the:
above circular letter, as followss: .

- /
i N

Radius =« .5 o Lo point’ O 175 Hﬁ from orest line .
Radius = .2 to polnt 0. 282 H, from crest llns .

-~
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The results of these eonputatlons are shown graphmcaliy in Plate an.
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(2) Ultimate Develonmsnt.* In order to fit an exponsntlal
curve from the ultimate spillway lip at Llewation 712 0. tangent 0 the
rnitial spillway iface it was necessary to devi&te sllghtly‘from the exponen-“a{>;
t1al "funetion menticned in the previous paragraph. A very plose approxima- . ’
tron to the theoretical curve was obtained by sh;ftlng the ultimate crest
line upstream seven feet and computing an exponentlal curve, which meets
the initiel spillway face in a poant of common tanvancy, which waS'Eeleoted
to conform to & construction joint at Blevation 69&.76. The equaticn of this

CUrve bocomos y 1.578 = 8.182Y with the point of origin at the new spill-

way crost llne. The guestion of sligat negative gessures that may tend
to develop due vo the differenco batWeen the exact gxgonential. cufvé and
thoe adapted is pursly acsdemio in vxew of' the extvemﬁ lmprobabllity of -
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» « sbream £rom the' Beniiingﬁon" S‘l‘.'.t.llin hg,s:m.“‘*Ehe "oasicz »~cunVemasqcbmputed

r

,

The tailwater depth required to dissipate the énergdy in the 45,900 c.f.s. N

, ‘ . Sm e s
tne ocgurrencs of wigk £ gs0in Ium~off cad tlic ard shiery ai.fa:r:val: of C
S13s Tret ths rasitic heal csn be sustoiral, Clesr ganput .-:ﬁb‘ns’were o
e le U3 shsw SXe aseti of the rapse for wvasr raxirua iMlosd ‘glgh§f'eh "
over 2otk the Initinl and vz wisiwise suillver suvfeces. ThHe empiri=l L .- .
¢~1 ~zlu-= (lirtet on ==. 259 of Orssser & Jusuin'z Eun hogj‘*)i of -the i
Xorer :nd Ionar namios Joi £ haad O orne foct on ilho i o of the gpill-
Srmowere Julbinling bl rosczetivTe accim lewds of 1L ﬂ"ﬁ. 12 feet for
120 nlti~a- ond the fniti-l suillwnrc, Tr. rezuli= 27 4ncse computa~
tign~ nrs clovm remnsenlty on Flone V-1, .

‘

5, EYCRAULIC DIOUTFSNIITS TOR STILIINI 33310,.~ {2) ‘Capdcities
(1) in? DJevelozren..= The <tillirs boain is desismed to’@désipate the
~a3 £ oike emilliwcys dirghor=or Jor all Tonaes in Flawr w- 46 and in- ! .
21ud toe moillusy decizm {icchor.» of 5,300 e..s. for the initial
Ze fn%, Ir2 dissi,ubion of i h*""" grargy will te accomplished
T of ~ hydr-~zlic v witsin sha s.illin: basin for all possible
ran n 1-ilymi-r pontisione, T .o suwlllr- badar vill »:duce dis-
akirgocvolocitic s To wre-rnd dcnosrent czour -nd #forilom,

. oL . . '
(2) Ul-tinsg- Daviloo~ erlis’ In \the J;J%t‘imate develdpmeni;

mh. eulllweyr Ptasin ie desonod 0 w0l tile a'@o“ve“"i‘eciuiremen‘bs for an -
umrlr Jimton coniinlen S L2,200 c,._.s. dischax’ging over the spillway o
cront ot Zlovrsinn ?12.0 - CT

\.

- (b) Ta:.:{.yrater Discham ¢ Rating Qurve.- The first step in the

-
.

. -ciesign o;f.’ the. stilling bEsin was ghe d‘.et*érmnat“ion of tailwater rating
.. ICUEVe - fqr,bemlﬁggonvﬁam

(qu,rxgngg dmsqharge fange up to approximately
“50 ;000 sOsfna Ehxs%u \ ;iira.sn«})asaﬁwopw e;ckwatezg compwbat tong” from’ the

L

Monhdnock Power: Go‘mpahy ‘damiwhich: is?ﬂdcateduagpf%ximatalz A/2 nile” down-

oA

-
Fa
L - ¥

~with the assumptioﬁ that_%the Monaé.nock Power: Com;oaﬁy *3am remgins ntact
as the conbtrol for’ the complete range of dlscharges, and. that -the flagh~

' boards have been either removed or destroyed. Inasmach as the Monad-
nocl«: Rower Gompany dam is ‘constructed of corcrsbe on a rock outcrop in
L&, RarTow: seeﬁien;of 'the valle};‘ “this ,assumption is-quite reasonable. The

[

T Monad,r;eck Powe‘r* Gompa.n ﬂag,m“ hes a spillwa,,r ,lengthxofflm feet and .a crest

= i

“elevation of. 563 B “H poo]f eﬁevat&oh‘ o znomﬁ’ 18§5r}1:aisad by meang of -

. £lashboards to elevat:.on 665 5, .The. abu’cment"i«r 1 s%“f“fﬁez-r"e"*ram.sa& follow~

ing the 1938 flood terleVa,’sion 573 72, The amouilt. Of ‘water weed by & - i
relatively small turbine in the generating station “has beeh neglected -
in this study. The total computed discharge capacity, of the spillway,
assuming no abutmenﬁ\wertoppm&*, is 18,000 c.fys. which is'in excess

.9f the maximum flow- af record,= In order to -obtain the la.mltz.ng range

of tallwaﬁ‘exk*‘ébﬁaﬁ,qiong o*‘bta;.nable at the Bennihgton Dam site, a selond
series of ha:ckwaters co:nputabloms” “yere made for - delsuharges assuming that

" both dam’ and ‘abubmedts of Fhe Mdn édnockf-Powé %@gﬁanyprdm failed completely

,and that the. hydraulic control remaihed’ at the @aWe poifts The lutter. .

assumption is tenabl® becauge’ of the rock at the site and the ranid d.ropj ¢
in the channel downgtream from the Power Dam. The results of the domputa=
tions are illustrated graphically on Pla‘te V-2, - o

wt

(¢} Depth Requlred. for Hydraulic Jurmp v-(l) Initial Development -

i
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falling from the spillway crest (Elevatlon 705 0) ta. the llp of the
spillway bucket (Elevation 656,) is computed by means of the following
hydraulic jump equations:

2 .

D av . :D 2 . p

~ D " e 1 o+ 1 1 *‘t o £ J
2 2 % P i

113

‘

where Dy = depth before jump | j
D_ =~ depth after Jump

V, & average velocity in the jet before the jump

£ 1w acceleration due to gravzty S
It was found from a preliminary study made of theoretical tailwater re~
quired in the intial and nltimate dsvelopments that the initial develop~
ment with its greater gpillway discharge of 45,900 c.f.s. furnished one
limiting condition., For 51mplicxty and over-all economy of design, the )
spillway crest width of 300 feet was maintained as far as the stilling
basin end-sill, By meansg of a series of reasgonable approximations, a
stilling basin floor elevation of 656.0 was found bo satisfy all limite
ing conditions when the modification discussed below  was applied, The
discharge per foot of spillway width at the peak of the spillway de-
sigh flood in the inti4A1 development was computed at 153.c.f.s. The
velocity and depth of the horizontal jet leaving the spillway bucket and
entering the stilling basin at thls elevation was compubed at 61,3 feet
per second and 2.50 feei resnectively. Entering these figures into the
above formula, the necessary depth of tailwater for the occurrence of a
free~-forming jump was computed at 22,95 feet, Model and prototype
studies indicate that the hydrsulic jump will form at #5 - 90% of the
theoretical devth when baffle piers and end gills are incorporated in
the stilling basin design.* Since the teilwater elevation corresponding
to the discharge of h5 900 c¢,f,5., for the most unfavorable condition,
namely, with the Monadnock Power Dem removed completely, would produce a
tailwater elevatlonki? 676.0 and since this provides a tailwater depth of
20 feet or 90 of the theoretical depth needed, the design is considered
- adequate, .

U R R

(2) Ultimate Development,~ In the case of the ultimate devel~
opmend, the velocity and depth of the jet leaving the spillway btucket
and entering the stilling basin were computed at 64,5 ft. per sec. and
2.1% feet respectively. The theoretical tailwater depth needed for i
this condition, computed by the above formula, is 22, ¥ feet., Since the
tailwater elevetion corresponding to m discharge of 42,200 c¢.f,s. for the
most unfaverable condition, namely, with the Monadnbck Power Dam completely
destroyed, would produce a tzilwater elevation of 675,.,4 and since this
provides a tailwater depth of 19,4 feet or 5% of the theoretical depth
needed, the design is considered adequate, . If should be noted that com~
plete destruction of the Monadnock Power Dam ig very improbable, and that
the tailwater will likely be above this extreme condition,
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(4) Lenzth of Still {25 Bagin,~ Thn .ength of she éuilling

G T e
Yesli 2as been dosiiméd so"uw:wz grestrr shen ordirerily euonne"wew vren
g constant ﬁult;nlied ;- the'leptn of Zlov after tke o, OF .
t

when tze lancth spd depbh ere related t6 the Frg"aa nurker, Tke langth N\
of tze ssillirg bas1n,.abich is .10L feet, is slighbsy more then-rour (»)

tives vhe depth of flow. Ihe sdditional lergwh the stilling dasin is

insir-. becouse o {1) the erodeple rasure of she girelel till Jounda-

Liow 1aterial, (2) she fast that formevion of an h}ura“1*c Jun" during
cor.iuls discharpes cammot be nathemeticxlly verified, ani (3) the aliz-

ent of the splliway witkh ressect to the enbenment section and vhe Jown-

stre-n derrace nekes it exsedlienty o be con :gorvesive in the deelzn
critoria. Tke aclected 1ength of the becirn asgares Shat all turbulence
ar4 wove action will e loveled out’ beforc the weter discherges invo Lhe

(o) RPaf les rn?l 5111, o rowe of beffles, 5 f3et hiszh, were
ingerporeted in She svilling basirn decim #s well as an end i1l 5 Zses
nich o {aflect ery hink vo-loelly curroris from ths ch.mnel . <ke
sorelng, sine, and relatilve pocition of 1o taffle piers and ernl ¢ill cor~
form with regomend: rtiong wade by the U5, Vaterw~yre-Expsrinont Sgetion,
Ticizghurs, Hiasisrippi, whoge” coﬁn94+§ wers re.uerbed while the deslgn of

“: strieimre wes undoer cona.der -uion.
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SECTION VI
GEOLOGICAL AND SOILS INVESTIGATIONS

6~01., INTRODUCTION,~Gsological and soils investigations were
made to determine subsurface conditions at the dsm gite, characteristics
of soils encountered and availability of the construction materials.,
Methods employed included rsconnaissance of the site and area, seismic
exploration for location of bedrock, drilling in overburden and rock,
excavation and sampling of test pits and trenches, speclal pressure and
pumping tests, and a thorough laboratory testing program, The location,
extent and results of the exploration at the site are shown on Plates,
A=~5 to A-13 inclusive. Complete reports of 4rill holes, test pits and
geiosmic investigations are on file in the Boston District Office. All
s0il samples and rock cores are gtored in the Boston District Soils Labor-
atory. P o

6~02, GENERAL TOPOGRAPHY AND GEOLOGY OF ARFA.~(a) Comtoocook
Valley. The rocks of the Contoocook Valley are metamorphic and igneous
of the Paleozoic age. The metamorphic rdeks are schists and gneisses
which were deposited originally as flat Bdds below the water surface. 4
period of diastrophism which qeeurved sqﬁséquenﬁ to this deposition re-
sulted in the crumbling and folding of th§~layers until they appeared at

" every abttitude. Large smounts of magme were injected into the meta-

morphosed rocks, whore relatively slow cooling occurred and granite or-
related granitic rocks formed., A perioed of regional upliit followed and
streams began to gradually erode the overlying metamorphic rocks. As the
drainage pattern developed, the streams cut downward through the mbiamor-
phic rocks and exposed largs areas of granite., The granite -was not a
durable rock and has since been affected in local areas by weathering to
depths as great as 50 feet, A% the beogilnning of the Plsisbocene period
the Contoocook Valley had been developed, and the river was flowing north-
ward in a bedrock chamnel, During the Pleistocene period, the valley wasg
covercd by a portion of the continental glacisr that occupied Canada and
the northern part of the United States. The glacier modified existing
topography by erosion and deposition, Froslon by the glacier.consisted
of bevelling the northern slopes of hills and steepening their southern

slopes, In addition, it seoured and widened north-south valleys and tended

to deepen and widen saddles transverse to its line of motion, Deposition
by the glacier caused the greatest change in topography. Glacial deposlts

are of two types: +the unsorted, unstratified glacial till deposited diectly

from the ice, and the sorted gravelg, sands, silts and clays that are
washed from the ice and deposited in water, Glacial till may consist of
a heterogeneous mixture of clay, sils, sand, gravel, cobbles and boulders;
or some of these sizes may be lacking. In gemeral, the till of the
Contoocook Valley does not have material as fine as the clay sizes in
any appreciable amount, Most of the till may be broken down into two
classes: (1) sandy till which has a predominance of sand sizes; and

(2) silty till which has a‘predominance of silt sizes. Glacial til1 is
highly stable, capable of furnishing gooW: support, and is practically
impervious, It was dspogited in elliptical shaped hills known as
drumlins, and as blankets which were spread across the valleys, partially
filling them and disorganizidg the drainage system. In -many cases inter-
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ne 0ld draizage batln to :'.noth 'Mere strocms stdill f1low within

G velley, whoy are. seldon’in hg— old’ crﬁ.nf.eld:- therafore, wken &

rogn has fock“f1og¥, tbe“o fip.y be & buridd chEthel neerbdy, The

orted neterials consist of graveko, eardde,* 1l  cnd clHys) or, ae

vhe cnse of ¢ modified E,-e‘.cuq. arish, corvinntions .of. Shese sizes.

¢ .-scrialg hove boon waghed £remihe ice, ‘sorted or pertizlly

orted and deposited at soe point whare ths valocity of the waser -
s1-ckons., The Contoccook Talley ras nany of there "nte".'iz'l.a in the fora
f worrcee depositz, eckor:, and delin deposibtss An oxtousive hlarlzen

of cddinonts ¥oe depositel on the floor of the vsu.ley durinz the reccesron
of tke slecier when the Aorthwerd flowine- Gon..o_::cool. River wes dammed b7
1o ice frent end a large rlac*a.l lcke formed, “'ﬂhen $he ice front re-
tressed norshwari the lake wes drained into the Merrimeck River Vull':-.r and
eresion of She preceat Con toocoor channel began,
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(&) ‘_!icinity 9f the Jur Sitc.~ T.n $ne vicinity of the site of
tle Bennincton Jdam, the river flows throuj Lo exvensivo zhallow suriace
depokits of unconsolideted scdliente wrich overlie depoBite of ¢lacl~l
t1ll in snme ercas, as d.escrj.neu. in txé Tollowing peragraphs. 3Sedrock
is Geeply turisd throughout th  vicinity exeep’(:.wnare it outerons in
the floor of the r*'.rer epproxi ':‘.a’only 3/h niie’ -ftsms{:rc:m fron the dex
Tre wistern wall of the *orc-a...t valley is e "bos.'ed of n valley terrage
dewonis end the GI‘SJG'“T w21l is co*.'oosc,. cf (-'.la'c:.el 111, -ac.!fer Fihe ‘ Lo
A:mowit. are gommon shroughout tho area
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(¢) 3cures of Deba,~Infor wmtion serialning to hizjsricrl ond
extetin=: gcology of the Ceatvdoccol ¥=1ley has heer atctracted frox :':porr.r""’
or the Zernninston aite prosented to the Zaston Bicirict Cfrice by the
folloving -eo"o*:.q...,. fr. Sldhey Palges Goolprict, Jorth Atlentic Divi-
. gion Ofiiad, ¥r, rlss P, Ber.»:}, Gon.,t.a.vln 7 Geo Q“i,at Columyis Univer-

aity, -ud Mr, I"v-!r.."; 8. Srochby, Con:—:ultin" uaol')-_- ii.,, Bogton,
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(a) Gerernl, Recornrisesance wns goniucterd {.. tiiz cerersl vicinily esrleeluce
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surerfislial exaninasion was nnde to inveasicabe the princlp-l caologiedd
Tow-atione, Prizary considerstion was civen to irTherlas 1r1or:1.s-...io

- necez:r:'.-.r,' Tor the proper r Zovelopment.of a saiigfactory 'f‘oam..xt*on arnd S
loer%in.s scurces of sulvable constructicr :;tar:.:'..:. Fieladwork 1nr'.luf 0%
slesic e:c;la_ stiorn, drilling snd semplins o Yolis ir overbarden and
rook, exervatien and sarpléng of tercd pivs sxnd trenciae, inatnllation rrc

rording of sieervaticn velig, and ouployions of pre~sure ~nd nu:-.;:)im_:
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. SR (b)“‘Seismic Exploration,= Umler ‘the supervi,slon of Mr, E. R,
' S¥ep a,rd; ”Offiae“;c”f thherGhii ﬁtvEngmegﬁxjg,s_ ,se&;wsng;cg\explorations were -
‘ cona.uc’&ea B !twen’eﬁbneﬁlocatr:tcnsmi#l’iinwth%*pg@;}‘egk;ggga;;g cse in |
imnedia.te vlcinity “of “dab’ “siﬁ"e”*anﬁ“boifrovr)a:zea';'i ﬁwBlatesA«ﬁr@.nd 7 h R
Ta‘blés of informa.‘alo:r ob‘taiﬁeﬁ-«from the'se.. i‘irvasu&ga%ﬂ.ons are. wshdwn* o T .o
Plates A-10-and k-13 - Some indication-of .the Jgenera.l charaetér’ of the

overburden was obtained by-wave Veloéities a'bbve the rook. gurface. “
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Eigh?een (18) seismic lines were fired at the -proposed site to determine
conditions in the found~tion and three (3) at the proposed site for

impervicus borrow material, .

R e

(¢) Drill Holes.~ Foundation conditions were investigated by
drilling eighty (80) holes with & total footage of 4,783.9 feet. Sites
of pervious and impervious borrow materials were explored by drilling
thirty-one(31) holes with a total footage of 1093.8, Holes were drilled
in the overburden-and rock using a 3-inch casing in the overburden and a
1-5/8 inch diamond bit in the rock to obtain bedrock cores. Samples of
soils encountered were taken with a 2~-inch drive sampler., Prelininery
drill holes in the borrow areas were adyanced using a 2-inch casing, and
sampling materials with a lginch drive sampler. Bedrock coring was not
done for borrow exploration, ‘

(d) Shallow Test Pits and Trenches.® In order to insnect the
soils in the foundation and borrow areas in their natural condition and
to obtain samples ¢f the undisturbed materials, shallow test pits and
trenches were excayated.,. Foundation' conditions wére explored by means
of eighteen (18) test pits with a total depth of 117 feet and by means
of three (3} test.trenches with a total depth of 45.8 feet., Exploration
of borrow areas ingcluded fourteen (14) pits with a total depth of 159,0
feet and five (5) %renches with a total depth of ‘84,5 feet., After test
pits had besn excivated £0 an opproximate depth of 6 feet, they werec ox-
tended, whersver possible, by auger barings. Bag, jar, congtant volume
and chunk sarples were taken., Fileld tests for natural density were per-
formed in the pits located in the pervious bomrow area., Where required,
undigturbed samples, one cubic foot in size, were taken.

(3) Deep Test Pite and Trenches,~To supplenent the shallower

surface explorations, a test pit 2%.8 feet desp was excavated in the spill-

way foundation area and the pervious borrow area "BY was explored with
four (4) deep pits with a total depth of 77.5 feet and two {2) trenches
with a total depth of 61.7 feet. The spillway foundation pit, T60p, was
sheathed with timber durlng excavation. Plate VI = 3 shows a sketch of
the phk, a graph of the grade¥idén range of siliy till encountered and a
tabulation of results of tests of samples taken. A total of forty-five
(45) samples, which included waxed chunks, cubic-foot-size undisturbed
samples and 50-1b. bags were taken, A power crane with 1/2 cy. clam~
shell bucket was employed to excavate the deep holes required to obtain
a complete exploration of the pervious borrow area., These holes are shown

on Plate A~1l as T8l4t, T€6p to T89p, inclusive. OCobbles and snall boulders
‘encountered were weighed 4in the field to determine the percentage of larger

stones avallable for future crushing for concrete aggresates. One-hundred

pound hag samples were taken of each layer encountered,

\ (£) "Ovservation Wells.,} Bighteen (18) observation wells were
installed in drill holes within the dam site area to obtain detalled .
knowledge of ground water conditions (Plate A~5). Bach observation well
consists of a 1l-1/WM" pipe, perforated at the bottom, extending slightly
above ground surface., Sand and gravel has been placéd around the per-

forated section to prevent the wells from being plugged by movement of the
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network of interconnected fractures within a localized ares,

(h) Pumping Testg,= (1) Prellnlnary.— Small scale pumping tests
were first conducted at drill holes D66 and D67, located on the spillway
area a distance of 150 feet apart, to investigmte the perviousness of
deconposed rock and to determine the feasibility,of lowering the hydro-
static head during construction of the snlllway‘ A four-hour pumping
test at drill hole D67 at an‘average flow of 3,5 gallons per minute lowered
the water level in drill hole D66 o distance of 16 inches, Sixteen hours
after the cessation of pumping the water level in'drill hole D66 had risen
only 9 inches, Two days later, when the water level had returned $o, nornal,
drill Hole D66 was again pumped and observations taken at drill hole D67,
Four hours of pumping lowered the water level in drill hole D67 a distammce
of 20 inches, One hour after the pumping caase& the water in drill hole
D67 had risen 5 inches,

(2) Final.~In order t0 obtain more sorplete information on
$#s behavior of the ground water in the weathered rock zone, a large scale
punping test was conducted during the period 15-20 October 1945, In
preparation for thies test ten (10} additional observation wells were in-
stalled, These observation wells were lnstalled in drill holes D38, D39,
D4z, D43, and DUS, which were previously driven for foundation investiga-
tion, and which were extended to penstrato the bedrock. In addition, drill
holes D75 to D79, inclusive, were drilied into rock and obgervation wells
installed therein. In order to avoid drilling the 24,8 foot depth of test
pit T60, observation well D75 and pumped well DE0 were both installed in
the bottom of the test pit., Drill hole D75 was drilled first to serve a.
as a pilot hole for the pumped well and b, as an observation well during
pumping. D80 ‘was driven with a 6-inch ch0pp1ng bit enploying an B-inch
caging through the overburden and sealing the easing against the bedrock.
A 6-inch hole was chopped @ depth of 30 feet into bedrock. Purping started
on 15 October at the rate of 5 gallons per minute, This rate was naintained
continuously until 17 October when the rate was increased to 10 gallons
per ninute, It was soon found that the increased rate could not be sus-
tained contimuously, and on 20 October, which was the last day of the test
period, the rate had dropped to an averaze of 9,4 gallons per ninute,
Contours showing the water pressure heads before the test and at the end
of the pumping period are shown on Plate VI - 4, Recovery of water levels
after the test was relatively slow. Some holes recovered to an elevation
of 5 feet below normal level after 1-1/2 doys and did not return to normal
elevation until after more than a week. ‘

6-04, GEOLOGY OF SITE,.~ (a) General.~Principal:emnditions sncoun-
tered with reference to thée geology of the damt site are discussed in the
following sub-paragraphs. A plan of foundation exploration showing the
location of drill holes, seisuic lines, and contours of till and hedrock
is shown on Plate A»l5, Geological profiles are ghown on PlatexVi-2,
Graphic logs of individual. explorations are shown on Plates A-6 to A~10
inclusive., A sunnary of information obtalned from seionlc investigation
ig shown on Plate A-10, g !

(5) Bast Abutnent.® The sast abutient of the dom and the en-
bankment foundation as far as station & +4 38 is composed of a coupact
glacial till that extends to bedrock which is located at depths of
approxinately 50 feet below the surface, The $ill varies from sgandy till
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- Overlying ke 3411 ie o cover. of, -re.rie.’ale silty sand zmd'. grovel. 00'b"‘1e=

' ani boulders oocur occas:.o.... 1ly in the $ill =xd’ :Y:’reouenb'ly“*m the sur- X
frce deoposite. nege condizlon. revall within the crbn“kren “prer and
the rdgacent downst“e““ nren, Los+rnm_ fron tie ennapknert arco o variarle "~
thiclmnes, of sond dopoeit s found overlring the till.

(e} Spiliway Aren,~ The aplllway FTOM extends fron stytion & -+
S 3? to statlon 11 138 elong the cei -terline of the dem, The prinelral
- i1 in tkhis ares is A corvact: 'sendy to,sility till vhick extends fron 2 X
t c".e'p..i" 0f sp-roxinately 10 Teel bolow the wurfasesto.bedrock locatel ot
depthe £pon 30 to 60 feet, The hedrock ie a poXph yr'i.'..c grexm:e and hreos
o wvery bai~y wenthered ocanming nm,- is mucn nore 'nerv:lo ¢ than tre Dver-

ixine $111, Thls westhered zone verles in dcpth fron 5 ta 30 foet or nore
nre zrodes into fresh, no“e“ﬂ‘e’y fr 1t rca pr.ni'e The tom of the till
R body spneoras sligholy wertkered and 1s alown os o thin laejyer on trhz &30-
; logicsl pro ofiles, Cn top of tho till ic a comypss "'-"J(.,. of vorlavle

silty ernl and grivel and which zmbains cobbles ans boulders. <—hé srowd
r Sabls 1ls.'very closo to Sthe grcu , Bu!‘f"f.ce ir this srea and the ..yc‘..r-
ts.ti hend in the bedrogl undsr she till is-$riphsly eboye tie gro ound
. surfece. Conditisns in tha in- edinke wmevrans aunl fowngtrean crews Aro
eozenitinlly whe salic.

(1) River Chamnel Aren, Phe river suarnnzl erea fron gial
. Ll * 33 to stabicn 22 f 00 i corpoeed of gardace lsposits ef =ese

which vrriee between sllty and greavslly serd averagiy i
ness, overlyins an oxtersive Rody of sond;- to r.u-l s
- overiios.weathered gre 'u.te laca e? ab ...e“"n, in exses
. the surfase., Tue surface of the $ill drops in ol tHo upstress and
. downsprean directions, ’

(e) Drainnce ¥ell Arvea, Fhe sestisn of tre onbenknent fourdn=-
sion fron sbetion 25 £ 00 t0 30 4 0C hrs 10 w2 15 feev of varishle 331ty
ri #rovelly a-nd. DBeneath trore gediacvty, the poly of gandy te silzy
11 gnliva into wo gaetionsd IThe upnor gecbion t-pers uu{: lauer'- 17
and dis"pﬁeu;s resr. utntion 32 F o the lower scesion dips sharply b g

werd the west ard éi sm*run"s GE 9{1':-;1:. the vacke, floo;'. The zona latveen
+:1e t411l blenvets is oscunled bv srod- wnl g1ly sifeba.rencing din nernen-

: bilizy o Pcrvinus 1o scmi-ve“v*oas Ralroox i* this-eres is rpproxine~
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rock encountered. Overburden is ldosé bo.very dompact; soft silts or
Peabts were not encountered; and rock, although weathersd at the surface,
is satisfactory since structures are not to be founded directly thereon.
However, there are present at two (2) locations subsurface wabter praegsures
which will influence the construction procedure and desism.

(8) Spillwny Foundation.~ At the site of the spiliway foundam-
tion, the glacial till upon which the concrete spilllway struclure will
rest is underlain by a wenthered zone of rock containing water under a
slight artesian head., At the northwest dorner of the spillway, approxi-~
nately 10 feet of i1l will remain over this weathered rock after exce~
veting to a depth of about 17 feet below present ground surface for the
spillway structure foundation,” Should the hydrogtatic head in the rock
not be lowered, the reduction of load on the rock ‘during excavation would
2llow the remaining till to be subjected %o uplift forces 1,2 times greater
than its welght, and there would be the pogsibility of a blow-up and
softening of the till through mpward seepage which is always present,
Punping tests to deternmine the behavior of the artesian water in the
weathered rock have been discussed in Paragreph 6-0%3(h). Proposed treat-
ment for this condition ls discussed in.the dedign of the spillway founda-
tion in Peragraph 7-03%(e), ‘ ‘

. (b} Drainage Well Area.~ At the west poriion of the main en-
banknent, between Stations 22 p 00 and 30 F00, as discussed in paragraph
6-04(e}, the glacial till tapers out upstresn allowing free access of water
from the reservoir to the more pervious gands beneath the upper $ill layer
beneath and downstreanm fron tha\enbankmeht. This seepage will not be re-
lieved naturally because the layers of $ill are sealed agninst bedrock
downstrean fron the dam, This situation allows the possibility of high
pressure heads being developed under the upper layer of till when the water
level in the reservoir rises during flood stazes. The uge of drainage
wells to relieve this potential pressure is described in Paragraph 7-03 3.

€706, SOURCES OF CONSTRUCTION MATERIALS3~(2) General.~ Sabisfactory
sources of construciion nateriasls are readily awvailable in the imnediate
vicinity of the dam site. The Contocopk Valley has large amounts of
glacio-fluvial material in the form of egkers, keames, and terrace deposita,
These deposibs vary in the anount of sorting they have received; hence,
variations in grading and degree of nerneability are available. Also
available in the innediate vicinity of the site are massive deposits of
glacinl t1ill which are in general overlain by a variadle thickness of
pervious sands, silty sands, and gravelly sends, with occasional boulders
concentraved generally on the surface, The general loceiions of borrow
areas are snown on Plate A-l ., It is proposed that the Governnent will
furnish to the Contractdr borrow arsag A, B-l, B=-2, and 0, All other
borrow required will te furnished from sources to be obtained by the
Contractor, Plate A~1l is a plen of borrow exploration, Plates A&=l2
and A~13 show the logs of the results of explorspion,

(b) Impervious Borrow,~ The nost suitable loczlly available
gources of irpervious borrow are the massive deposits of glacial $ill,
Five (5) different arees were lnvestigated as possible sources of imper-
vious borrow., The most econonical depogit and the one selected as a source
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features rmay be ¢btained from the pervious borrow sOurces by selecting :
the coarser range of pérvicus borrow materlals available,

(¢) Procossed Aggpregates.~ It is consigered economical to estab-
lish o plant at the site to process aggregates from material excavated
fron the pervious borrow srea. Because of the substantial proportion of
oversize naterial available, crushing or oversige material is proposed.
The suitability of aggregates processed from the eskers was checked by
the North Atlantic Division Central Concrete Isboratory from serples
subnitted for complete analysis, Results of. tests show the material will
be satisfactory if properly processed and waghed. Experience of this office
and other Federal and State agencies alsc indicate that clean glacial
gravel deposits of the type encountersd here are satisfactory sources of
concrete aggregate,

(h) Rock for Slope Protection and Dumped Fill.- Rock for the
cobble facing of the downstream enmbanknent slope ‘uay be obtained by culling
the largzer sizew of rocks encountered during the placing of £ill materials,
For the purpose of collecting oversize stones, raking of the enbankment
surface during construction by means of power equipment may be a gatisfac~
tory procedure. Required derrigk stone and riprap are available from two
sources;: a. The separatiqn and ‘use of 'small boulders between one-half cubic
foot and one cubic yard in gige from structure excavation, and borrow ex-
cavation to be augnented by aollectinz surface boulders within the project
area and from stone walls in the vicinity; b. The establishment by the :
Contractor of a rock quarry at Dell Ledges. It is estimated that two- ’
thirds of the total rock required may be obtained by separsation and collec-
tion of boulders. Almost without exception these boulders are granite, ,
and are gound and unweabhered, except on exposed sides where shallow sur- ‘ i
face weathering nay be observed. The large exposures of bedrock at Bell
Ledges congisgt of porphyritic granite. The formation at this location is
suitable for quarrying of scund rock without the removal of an appreclable
anount of overburden. The construction of approxinately one nile of access
road to the site is required., The haul distance is three miles, all of
which is downhill, ) )

6-07. LABORATORY TESTS AND INVESTIGATIONS. = (a) General.- To
deternine the characteristics of foundation and embankment materials re-
quired for design and congtruetion, a comprehenslive progran of laboratory
tests was followed, using the s0il samples, rock cores and data obtained
from the field exploration, Work was acomplighed in the District Soils
Laboratory. The nethods used are described briefly in the following para-
craphs. Results of tests are shown in summary form on Plates VI-5, VI-6,
and VI~7. A summary table of sgoil properties is shown on Figure %, Plate
VI-6. All soil samples from the field explorations were classified and
recorded in the report of each hole., Geclogical descriptions of the
overburden at each drill hole were prepared after a study of the labora-
tory logs, field logs and soil sanples, The bedrock at esach drill hole was
clasgified by a geclogist after exaniniag the rock cores and fisld logs,

(b} Mechenical Analysis.— Mechanical analysis of selscted repre-
sentative samples were nade using s standard sieve analysis with a mlni—
mum sieve of 100 meshes ner inch and an hydrometer analysis of all sizes
pessing that sieve. The resvlts of these tests were used as a gulde in
the classification of najerials, Resuliing gradation ranges of the soils
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b. Compacting rémdlded épecimens in the dry state,

saturating, applying the minér principal stress, =nd testing immediately.
- !

ce From cubit foot undigturbed semples, specimens were
cut, saturated, subjected to the minor principal stress, and tested
innediately. )

(2) Spillway Foundation Material.-Both remolded and undis-
turbed samples of the silty till from test pit T60p were tested as desw
cribed abovey these sanples represent the soil upon 'which the spillway.
will be founded. In addition t¢ these tests, several undisturbed speci-
nens of silty till from test pit T6Op were tested for unconfined com-
pressive strength, Results are shown on Figure 1, Plate VI-6,

(3) Evbanknent Toundation Materials.~ Samples of the gravelly
and silty sand encountered as embankment foundation were tested only
in the remolded condition. The ranges of ghearing test results are shown
on Figure 2 of Plate VI—G

!

(4) Embankment Materials.~ Tests on remolded samples were used
to deternmine the shear characteristics of the embankment materials.,
Resulting ranges of shear strength are shown on Figures 1,2 and 3, Plate
VI~6, Impervious fill characteristics are shown by the curves for re-
molded meterial in Figure 1, Randon f£ill is represented by the results
in Figure 2., The selected pervious fill shear strength is shown by
Figure 3 and the higher strength ranges of Figure 2.

(h) Critical Void Ratio.~ To determine the critical void ratio,
a series of triaxial conpression tests was run upon a sample from Borrow-
Area "C" which represents the finer allowgble range of pervious borrow
naterial encountered. ILateral pregsure was held congtant throughout the
test and the volume change corresponding to maximm shearing strength
was recorded. Results are given on Plate VI-7,

(1) Consolidation.~ A series of three consolidation tests were
run upon remolded samples of the silty till in order to determine the
settlement characteristics of the impervious section of the embankment,
Two samples frow Dorrow Ares "A" and one sample from test pit TE0P in
the spillway foundation wers tested. Results of the test on the gpill-
way foundation material are shown on Figure 5, Plate VI-G,

(3) Exnansion,= Expansion tests were not made on the impervious
naterial for the dam enbankment. Results of tests performed previously
in the District on sinilar material indicated that no detrimental eXpan-
sion will occur due to addition of moisture, oven thoughthe naterial is
highly compacted.

(k) Optimun Moisture.= The optimum noisture contents of the
several embankment rmaterials were deternined in connection with the
compaction tests described in paragraph 6—07(e) Results of these tests
are included in Figure 4, Plate VI-6. '
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GRAPHIC LOG
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SMPLE - TOTAL SAMFLE
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L 102000 4 131.9 '
5 » 0w 5.3 13,6 2468 0.k .
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26 | 2L5-22.5 2.69) 1;0.33 7.5; 15228} .19} 1% ] | 36050
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2 - hd 13548 :
gf .. }i;:g MERRIMACK VALLEY FLOOD CONTROL
32 . - ‘2 BENNINGTON DAM
3 [ ] - Ol
33 .- s s 2o CONTOOCOOK RIVER
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SECTION VII
DISIGH OF FOUNDATIONS AND EMBANKMENT

7-01. INTRODUCTION.- The design of the foundatinn and embankment
of the dan included studics of foundation eonditions and materials that
are available for tho crnstruction of the dam, The design also included
the chnice of a section which (1) utilizes cconnmically the materianls
that are available for the construction of tho embankment and (2) is
safe under any condatinon, This section inmcludes a desoriptind »f the
results of thosc investigaticons which are pertinent to the design,

a discussion of the choicse and economy of the embankment section, and
the analysis domonstrating that the section is satisfactory for the
design criteria dotailed below, .

7-02. DESIGN CRITERIA.- The following design critoeria shall be

satisfied;
L ]

(a) Tho slopes of-tho embankment must be/so designed that no
shear slide can nccur in the apbankmont or foundation materials.

(b) The wo1d ratio of all materials in which a flow slide
might ocour must be less than ths critical wold ratio.

~

(c) Sescparo must be controllesd so that no detrimental up~
11ft prassuros or transportation of material can nccur.

(d) Provisinn should bo made tn compensate for the settlement
nf tho embankment after constructinn tn insure the dssign free board
hG igh‘b . f

(e) Scttlement of the spillway shall not be detrimental to
the design hoight or structure safety.

(£) The slopes shall be ndeguately protected against surface
ernsion, ‘ )

7~05. DESIGH FEATURES.- (a) Bubankment Section.- (1) Selected
Seetion.~ Dotails of the sections selected are shown on Plates eyin
and 4-15, The mean embaukment section includas & central core of
coumpacted impervious material, bounded on cach side by a transitinn
segtion of compacted randomm f£ill, which, in turn, 18 coversed wath an
outor znonz of compacted pervious fill. The upstream slope 1s surfaced
with dump.d rock fill on a gravel beddlng, the downstream slope is pro-
tocted with a cobble facinge A toe draip constructed of selected gravel

and covered with a dumped rneck fill 1s provided at the toe of the embank-

nent.,

(2) Imporvieus Features.- The compacted impervinus sec-
tinn of the embankment cmsists of a contral core which ties into the
till at the &ast abutment end into the till for a large portion of the
valley which the dan cronsses. On the west side of the valluey, where nn

till occurs in the foundation and where till is lncated too far beleow the

surface for economical cnnbact, the depth of that portion of the central

)
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parvious corz holav +ns shpipsine lin- is reduces wrd th pervious
blankat is 1Gded undor the upssrow. nertion of she L boncinbe T

' b"-,r.l\,t: uxiands slightly soyond Sro uLstroas tos of vas Arq andg, in

the iture, br.o' 16 thero b3 any need- for nere pasisive sontrel of e
sorpag3, Lh3 blankst ray bs sconomically <xtend:d upstreum

(3) "andor. Paaturss.~- Th: corphet d randen seetions of
trs wbunictent howa boon Inciuded In iho (109132'1 to proride ~ tronoci-

tonn hohurrn tho anpervious coro and tho _:-:rv- ous scetron of Lk da.
D_.o10m% of ‘hos: rpdon sceticns nuve bosn choson to ubliiza the

Lo bea guancity of swatable metericl 1ror". struc sure =xecavaoion 4 D
dr:. 81 %e¢ and of reguirad rundom oxouvetion in the impsrvious berrax arsi.
(4+) Pervious Featurss.= The co...r\actdc.. porvigus sceiions of
tr.. Juw heve boon designod to ; ro":.dﬂ avaguaty stabil;t:,' for the upstr-en
4 evion @ring rapiz drawdoan of‘ w5r elovation. The sections livs wlso
e donigr.d Yo meansein thd noxinun line of seepage in the dewnoirswn
1.ctroms woll bulow ground surfac> for coxnditions of sustaind hiFr. up-
c.r2 . w00l alevation. The sulret:d gravil vo. druin as 'isa:,gnua to
aoll .ct watcr Tt poreolatas through and bamonth the wibnks <nt, to
- nlankot the foundation, and to provent ani uplift or novanunt of founiu-
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. the suolzetod gravol., Too draia a2o3uils or o showm om Flate a=10.
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© (5) 3lops Protootions=~ The upstrew slops of the .ibeaddont
1. wrol et:d frow w.vo 2o5ion arnda surfues erosior by a J~ioct louyr of
ran.d reex £ 11 laic‘. on 1. 2-foot layur of grevel :Juc-c:u.-, a8 hr”c-"' 3
7, Tloabhss o=l cnd n=lv. Tho dovnstrocs slops up 50 7 £t cbov rmxiw

i 5251 water ﬂ.,,-:“..._m 1. prol=etad b o gimiler luyar of r.!.w:.;n 1M oroagir 1134
d- uc*.'.lv on selectsd rravol. The slope sbovs —i2 slsvation of v top
v ol %he 7111 on k. dwmatrosn: 51ope 18 protected ~gainst surl~c.

Il :r.:::io:- bJ a oru-tort luzor of 3 to 8 inch cobblus, wnich 1oy be

. e dred by calloct.*.; ovirsizo stones fram ‘pocrviouws e rancdon

' : -:tlﬂ:n:. -m-l frony raxing Yhy suriace 1:‘ tna scleot:d mor-ions ceesion of
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V(b) Rtallei‘ Well System.- AS describedﬁih Pm:. 6-—01,]. {8), the
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" o7 emptied imbo the discharge elroel, Dlarls m o~ tnaiilluizien are '
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Ty e T (c) spillway Founda:: 2r.= (1) Locuiion.~ The lecwzion. of the & w
:N"’ ' combined rspilIWay and outlet siructure "E"";T:""u*.\. inlicatsd on the- 7 -~ __ b
£ ., . drowings wus selected.dfter. ¢oraid rablo subsursnco exgloration work hadﬁ "
’ boen carried-on in '?;ha generwl 7_einity of tn. .--.'U.Ctur'do . 1séation /
e could riot be provided vhere 'h s bairock 18 st am clewx.on suf Ticiently
Joviral lasataors were

high to-provide for economicul covs~ ruci.on,

1-2

R J - T -
Y
T S = = P vv»ﬂ- "
T R ey SR wzﬁ’ﬂ“«,-fc,‘;%ﬂ 4 xzﬁiﬁzaw mﬁgf‘&ﬁ' . A
8
e - R _— T - PUESAT A Yy nid %iiu.. \ Jers, :.1, ._-A*-_u - -




(Ol

pord

N

A
G-
B

studied for a spillway founded on overburdens From the gtandpoint of
mininizing the settlement of tho spillway structure, it was considered
necessary to found the. spillway on the compact glacial till at a loca-
tion where the till oxtended unbroken to rock and whero the depth %o
rock was at a minimus., The location chosen is the' only location in the
vicinity which meets those criteris and which is,su@taﬁla from a

. hydrauliec atandpoint. . ‘

(2) Design Details.~ In order to form a working surface upon
the top of the till éxXcavation and in order to prevent the top of the ex~
cavation from becoming loosensd, approximastely one foot of concreto will
be placed as soon after excavation as practicebles The surfacoc of this
concrete will be left roughs  Tho dowmstream toe and the stilling basin
slabs will bo founded on a drainage filter which will consist of a layer
of sand laid upon the t11l., The layer of send will be covercd by &
layer of screened gravel. A system of open joint pipe will be laid in
the gravel layer as shown on Plate A-19, A layer of porous concreotoe
approxamately ono foot thick will be placed upon the filter to provide
protection for the drainage systen and a dureble working surface, and
to facilitate secpage contoring tho filker layer. The concreto slabs
will be placed directly on the porous concrete layer.

(3) Pumping Wells.~- Ths necessity for reduction of hydro-
static head in the bedrock during construction operatioms is of prime -
inportance. For this reason, the design specifications require ths
contractor to maintoin tho area in & dry condition during the congtruction
of the spillway and stilling basin.

i

(d) Approach and Discharge Channels.~ The approach and dis-
chargs channcls have been designed to pass the required quantities of -
water, The side slopos, which vary betwesn 1 on 2 and 1 on 2-1/2, have
been designed for stability .in bthe event of a rapid drawdown of the water
surfaco in the channol. Where appreciable water wvelocities occur, riprap
protection over a gravel filter has been provided. (Seo Plate A=2) The
thickness and size of riprap has been increased in the zone unusually high .
snd erratic water velocities irmediately downstream from the stilling basin.
The detnils of slopes and slope protection aro illustrated on Plate A-15,

(¢) Upstream Cofferdam.-~ The cofferdam consists of an earth
embankment with & Z0-foot top width. The cofferdams will be approximately ,
25 feet high in the river section and approximetely 15 fect high in the
land sections (Plate VII = 4)., The upstream side slopes of the coffer-
dams are 1 an 2-1/2 and the downstream side slopes are L on 2. The em-
bankmont is constructed utilizing selected stripping and random mate-
rials from structure excavetion. A downstream toe drain of coarss bank
run pgravel is provided to prevont erosion by water seeping througzh nr
under the structure.

t

(£) Dowmstream Dike.~ Suporimposed on the west side of the .
spillway dascharge channsl 18 a dumped rock fill dike, as shown in
Plate A-2. This dike acts ®o guide the spillway discherge away from
the main embankment under high discharge conditions. The toe of the
dart embankment is thus protected from the possibility of scourang and
erosion. The dike slopec of 1 on 2 for each face is flat encugh to
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(g) Processed Aggregstes.~ Processed aggregates nmay be ob-

tained at tho option of the contractor by establishing and operating
& processiig plant at Borrow Area"B-1"or from an esteblished processing

plant.

(h) Rock for Slope Protection and Dumped Fill.- Rock is

availeble from the oversize obtained from stripping, excavation and
from the Bell Lodges which is located about 3 miles from the job site.

(i) Materials Surmary.=- A sumery of (1) required construetion |

moterials with Their sourcos indicated, and {2} materials available from
required cxcavations and fron solocted borrow areas with the dispoesition
of the moterisls indicated is shown in the following tabulation. Quanti-
tics indicated include allewsnce for shrinkage and settlement.

TABLE I

CONSTRUCTION MATERIALS REQUIRED FOR DAM

1

Quantity -~ C.Y.

‘Enbankment tuxcavation!

SOURCE

Bxcavation Measure -~ C.Y.

Ttern t Measure ' Measure !
L] ‘ 1 1
Compacted Impervious' 150,000 ' 172,500 ' 37,000 Structure Excavation
Fill 1 .o ' 135,500  Impervious Borrow
t 1 ¥
Conpacted Random t 204,000 ' 234,500 ' 200,000 Structure Excavation
Fill ' ' ' 3,500 Rendom Borrow
! 1 ]
Compacted Pervious ' 174,000 ' 200,000 * 100,000 Structure Excavation
F1ll ' c, 0t 't 100,000 Pervious Borrow
1 ] 1 4
Senii-compacted Fill ' 100,900 ' 116,000 ' 19,300 Rendom Borrow
t ' * 96,700 Structure Excavation
t t L t
Hend-compected Fill * 6,000 * 6,900 ' 6,900 Structure Bxcavation
1 ¥ t
Selected Gravel t LL,000 ' 50,600 ' 50,600 Special Pervious Borrow
t N ' 1 N !
Gravel Backing t 3L,000 ' 39,100 t 39,100 Special Pervious Borrow
1 ] i
Gravel Base for t 5,000t 6,000 ' 6,000 Special Pervious Borrow
Ro~dwey ' L.t t
L) t "t
Sand ! goo + 1,000 ¢ 1,000 Special Pervinus Borrow
t ' ' *
7-5
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Quantity - C.Y Disposition ~ C.Y. ‘

Iten ' Excavhtion ! ‘ h .
' Moastre ' chavatlon Megsure )
! t !
Rock Excavation ! 53,100 t 21,300 Wasts and Spoil ‘
! t 31,800 Procgss for dumped rock fill
! Lt

7-05. DDSIGH STUDIES.- (a) General.~ The dam is designed on the :
basis of previous practico, which has proven sound, The following para- : '
graphs ars devoted tn tho study »f thnse design phases which require
special analysis and which sound engineering practice required tn be
checked in justification of the final design.

(b) Stability analysis.- (1) Method.~ Fnllowing the precedbnt
of tho Swidish Gooteochnzeal Gormitteats study on slopo failures in
artificial cuts, the stabllity ratio against shear failure of the dam
cribankment and 1ts foundation was determined by ainvestigating the forces
tending to causc novenent (driving forces) and those forcos producing
potential resistance to novement on several circular sliding surfaces
of woakness selected by systemstic {rial, This method investigates
only the possibility of a shear failure,’ In the analysis, the driving
forces include the rotatinf affect of the weight' of the soil mass and : (
water above the surface of failure and the forces generated by seeping
water. The force producing potential resistance consists of the
shoaring strength genoratod along the sliding surface. The ratio of the
potential resisting force to +the driving force is c¢allod the stability
ratio. A sufficient numboer of potontial planes were analyzed to de-
tormine the position of the plane having the least stability ratio.

The stability ratin of the weakest pléne-is called the least stability
ratio for the section analyzed. A lcast stability ratio »f unity,
thorefore, indicates equality of driving and potential resisting forces
and wmplics that the ombanknent is on the verge of failure, while a
least stability ratio of greater than unity indicates thot the struwture
pnsscsses rescerve strength.

(2) Design Shear Strength.~ Design shear strengths o be
used were selectod on the basis of previous experience with similar
rmaterials, and werc influended by consideration of the consolidation and
seepage factors associatod with ench analysis. The tests actually run on
these meterials, as showm in Figures 1, 2, and 3, Plate VI~6, served to
check the assurned values. The design shear strength has bsen plotted on
the figures to offer a conparison with test results., It is seen from
Pigure 1 thot the results of tests on silty till from Test pit TEOp,
ropresenting the spillway foungation material, show that the dosign value
of 33° for the angle of friction 1s safe. The low tost value of shear
gtrength for the saturated imporvious borrow material, as represented by
the curve for Test pit T53p, 49, would affect only the analysis of embank-
nent stability, and is not oriticel. The gravelly and silty sand encountered |
in embankment foundation random £ill and pervious f£ill showed by test .
that the design vaelue of 35° for the angle of friction was logical,
A higher valus of 387 was alkaowed for the upstrean coffordem design
because of the coarser nature of material composing it, and i1ts smaller
cross section allowing a more rapid drainage of the slops.
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material would tend to cause ‘tehsion in'the watéf and inereased inter-
granular pressure. Since the Piner range of pervious borrow materials
is typrcal of random materisls, the test results are considered rep~
resentative of the materials conceivably subject te flow failure con=-
ditions,.

(d) Seepage Analysig.- (1) Embankment.~-The seepage beneath
and through thé earth embankment-has 58én studied by flow nets, Plate
VII - 2. Based upon these fldw nets, the total seepage through and
bencath the embankment, ineluding spillway section, is estimated at
one-half cubic foot per second for msximum head for the ultimate section,
Of this total, a negligible portion will bs discharged beneath the
spillway into the collecctor system and 0.2 c¢.f.s. through the drainage
well system, The greater portion of the remaining seepage will occur
beneath the western portion of the embankment in the section containing
the upstream impervious blanket. - '

LY

(2) Spillway.- Seepage boneath the spillway structure is
collocted by the drainege filbter beneath the downstream toe and still-
ing basin. The seepago water iz collected by the open joint drains
which discharge into the stilling basin through wells in the side walls,
The total quantity of seopage which will be dischar ged 1nte this

system is cstimated at 0.0001 ¢.f.s. for-ultimate maximum upstream pool
height based upon the flow nets on Plate VII - l. The maximum hydraulic
gradient for flow into the drainago filter is approximetely 0.85, which
1s considered sufficiently less than the critical meximum of 1.0 to be
anply safe, assuming no unusual local disconbtinurties,

o,

(3) Water Drawdown in Spillway Foundation During Construction.-

Although the contractor will be responsible for the control of water
during construction, it was considered desirable to provide a check
on any proposed method by making an analysis of the affect of pumping
on the drawdown of water in the spillway foundation. The results of
the pumping test described in paragraph 6~03 were used to provide data
for making this analysis. The use of three wells, sach pumping 10
ggllons per minute, shows a probable drawdown of water from Elevation
672.0 to 640.5 near the conter of the exeavation area, The head of
water at the northwest cormner, the most critical area of excavation,
has a drawdown from Elevation 668.2 to 642.0. The maximum probable
level during pumping was found to be below Blevation 648, which
comparcs favorably with the general spillway foundation sxcavation
elevation of 650, Detailed analysis of drawdown conditions is shown
on Plate VIT -~ 5. -

(L4) Upstreanm Cofferdam.- Analysis of quantity of secpage
both through and under the cofferdam in the river section and on the
lend scction has been deotermined by construction of flow nets for these
two cases (Plate VII ~ L). The total quantity of secpage that may be
expected if the maxaimum upstream water surface is maintained will be
approxamately 0.02 c.f.s. From tho proportions of the flow net, the
required resistance to uplift or flosation at the downstream tee of
the cofferdam i1s assured with a maximum-discharge gradient of approxi-
mately 0.67 in comparison with a maximum allowable gradient of 1,0.

-



- % " - - Tr -y - - - = - -
<V T U enRERIRRLD e e = - :
. - .
= ’ P e R e T Ul r

IJ ankrot .- Basad u‘p‘on +tho

2) Zestlomend, yvialroiw, = {1}
D Thenet fnaMod as L rosalt of cetsl. & Ao servations on ths cowpl:ied
"riaaitag Mal s G, L 3.13Tlo Lot of the cormmerad Lrbankemint at 1ts
meximum section is oxpsctued to be from two to six mches due "4 . : ",

foundation consolidation, which will occur simultaneously with sonstruc~ - -~
AR tign, and one to four inches-duér tp consolidation of the compacted im- Lo

\ pervious sectlon under its mm ﬂv,re'ight, the latter aettlemeht will ocowr - .. . .-
- gradwlly over: an exbended» ﬁtﬁﬁbér»mfiyears. . Com;:utationa basod -upon the Lo
) consolidation ourye showd, on Pldb¢ VI7~ 6 indiGat® thet- €he’ambankment = -~
v will settle from two, to, five irches under its’ own, weight« .This checks:. , .~ .
e . with the ast imated settlements baged on the settlement’ “4aking place on e e
Franklin Falls Dam. In order o provide for. those settlements and to
insure that the .dam crest has, a level appe’araﬂce, an allewance of one
foot camber ha.s been made -in the maxiimum -section. . .
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o R (2) Spillway Found@xbion.- The spmllway“'omdah on.af . | .
SR glacial ill has basn RIZR1y.; yrac’ah%olldatﬁd 40 pregsurss indicated by . - .
- - the geology of the region %o, bewmore -than 100»)’00:;:;9 pOr-. SqUALS foot. .
Honco, the spillway settlemont m.l.l be” ol the ordar»vof one-vfii"bh Y- Dt
e great as that. computed on tho _basisx of - the" conso. Tidakion characteristics el
shown on Plate VI-6, in which the- prassure-vnxd ratio curve for remolded
material is shown. Based on.a computed sebtlement . of J:;; inches for . .
. remolded +ill Ly it is estimated ‘that ths ﬁspinwayd fnundatz@n gebtioment K~ ’
. .Willbe % to~% inch. Tho-construction prodzdire of -quickly placmg a - -7
- 'cnncre‘te surfacs on' thmi‘raahlywegcavated £111 foundation; -discussed RS
' in paragraph 7-03(c), is vnécassary"td minimize the remolding of the’ -
~ oxcavation surface and hanoe mininize spa,llway settlomént. . . . ..

warrrraprer

o {f£) Pilter Analys:.s.- Ia all sections of* the erbankmont and 77*;@{*
its foundatién vhrough which water 'passes, a _study has. bosn made-bo - -
insure that the gradatioh of adjnrnmg SO:L],S is such that the finer . ____ - -

~- sizes 01’.‘ one s0il-will not be transported by the seeping water into the .
voids of ah’ a.d;}oiniing ﬁqil. In areas whore seepage waber ig eollected,
3 the gradations of adjacemlt TSf;fils"i’ulfill the above criteria, -and, in :
. - additisn, tho .soils. became. progressively séversl ~bimes. more- pervious.in- -
~ the dirgetion-of discharge. The criteria used for——these—* anaiy;ses——:.a, , -
- contained in’Chapter XXI of the Militaiy Engineeoring Manual,-0CRe . -----
- The detormination of- the general ranges of materials -encountered is oo e
111ustra'ted by Plate VII - 3., - ) - '
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S ? T <706, BCONOMY OE CONSTRUCTION o+ Economy in the- desu.gn; of 'thex PR
s - structure hes, been glven dq;aful cnnslderatmn. Thé uge of an. éarth dam o
in prefefence to thit of ‘cohtrete’ wok, dictated by the lack of a suitable . .
! foundstion for economical concréte’ dam constructions. . The sections
] chnsen have, boon desigied to’ usg the J.mpervioué", - randon, _ond pervicus S
. ‘naterials encnuﬁtered‘m propez‘, proport;.ons *Eoﬁﬁinﬁﬁ‘g %’ﬁe"ﬁﬁidun{: 2 7
wagte and spoil reSul'E:{ng.- ATT borrow mitery als Fadifired. and g srmrcro - ‘ “
for processing concrote aggregates wera found w:.th:.ﬁ three (3) miles »f the =-.
site. It is antigipated that gince mater:.als £yém.- ’the s*‘x‘uciﬁzre oxca- - .
vetion may be.used in the proposed dem and- since adda.t:.onal ma’cerials i
requlred are sofreadiJ}(y ava.ilable,ra correspchdnmg saarf.ng;s :.n the tcta.l R
, cost of, the pr Ject wil; resuh‘&«_ R )

bt e ‘ 7-07. GONCLU;‘SIONS =4 Thek f‘ubz‘ﬁgnﬁag analysah ,fmdwg:ﬁu h
e _ proppsad design have shown -Ehat, £he s*tngctug@ w;.;l.I sat;.sfyngli, 6f -
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design criteria, and that the. sdotinns chnsen are well adapted
gconomical construction. -
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1. Uaing a standard gradatisn curve, a filter laver
must mast the following criteria:

a. The 15 percent siza (A or A') of tus filter
muet be less then 5 times the 85 percent size (B or BY)
of the adjoining finer material ts be protected.

b. The 15 percant size (G or ') of the filter
oust bo greater than % times the 15 parcent size (¥ or
D') of the adjolning finer material to be protected,.

2. The 85 percent nize (E) of filter layer adjoining
an open Joint, or perforated pipe, ehould be greatsr than
2 times ths width of slot or diameter of cpening.

5. The coefficient of permeability of & filter layer
should be not less than 10 times that of the adjoining
-finer material to be protectsd.

BOTE:
% gymbollizes nercentages for gradation control.
O aynbolizee filter control pointa.
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SECTION VIII. STRUCTURAL DESIGN
i

g-01., GENERAL,~This structural analysis includes the design crit-
eria f.r all masonry structures in the gpillway area and the Equipnment
and Maintenance Buildings, All riagsonry structures are designed for the
proposed ultinate construction. Provision is made in the design of the
initial structure to facilitate the construction of the uvltimate struc-
ture, The structures have been desighed in accordance with accepted
engineering practice, Consideration has been given in the design to
sitplicity of construction and durability. The latter is an important
factor as the winters in Bennington are severe, Sabtisfactory hydraulic
action and pleasing appearance were other factors conéideréd in the
design of the gtructuires, The stability znalysis of the masonry struc-—
bures is shown on Plate VIII-l,

#:02, DESIGN CRITERIA.~(a) Code.~In general, the concrete and
reinforced concrete design has been governed by the recommendations of
the 1940 Joint Committes Report, "Recommended Practice and Standard
Specifications for Concrete and Reinforced Concrete!, and Chapter XII
and Part X, Chapter I of the Engineering Menual for Civil Works, The
structural steel design 1s in atcordance with the American Institute of
Steel Construction, "Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings", and Part X Chapter I of
the Englneerlng Manual for Civil Worke, -

(b) Assumed Loadg.~ In order to ascertain the extreme condi-
tions of loading, the hydraulic structures have heen analyzed assuning
(1) the reservoir empty snd (2) full surcharge storage and maximum
tailwater. The forces acting on these structures consist of the dead
weight of the structure, hydrostatic pressure (horizontal, vertical and
uplift), and vertical and lateral earth pressures, In addition to this
leading, the spillway and non-overflow struotures were investigated for
an additional loading as a result of an earthquake with a full and empty
reservoir, The Equipment building was analyzed for the dead loads of
the structure, snow load, the equipment installed or stored therein and
live load. The Maintenance Duilding was designed in accordance with
standard practices for wood frame.construction,

(c) Uplift Pressures,~ Uplift pressures were determined fron
the flow net diagrams which were prepared for the splllway and abutment
sections, as indicated on Plate ¥o. VII-l. Saturation levels for the
wall sections were agsumed consistent with the location, backfill and
drainage conditions immediately after a sudden drawdown, Uplift{ pree—
sureg were consldered as acting over 100% of the bhase ares.

(4) lateral Earth Pressures.~The lateral earth pressures used
in the design were determined By the formla h w cw, where "h" is the
unit lateral pressure, "w" is the unit weight of earth, and "c" is a
factor determined by the formula "c m l~sin § " in which "§" is the

: 1isin
laboratory-deternined angle of interanal friction,

(e) Conarete.~{1) Class of Concrete.~Five (5) classes of
contrete.are used in the construction of the masonry structures, The
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(3 The shearingtstberigbh of the t111 used in compu’oing
the sliding resistance of the 'spillway sectiong was obtained from
laboratory tests., The results of these tests ars shown on Plate No.
V1-6. The resulting factor of safety against sliding is 1.8L for the
gated section and 1.93 for theiungated section.

(4) Phe spiliway has been dived into ten (10) momoliths
of thirty (30) feet each. In gccordance with the recormendations con—
tained in the Enginsering Manual for Civil Works, keys have not been
provided in the construction and contraction Jjointsa.

(5) The base Ofﬂthe spillway is sloped to allow the free
drainage of any seepage water*in the foundation prior to the placing of
the base course of concrete. A one~foot layer of porous concrete will
be placed under the downstream toa; which, with the gravel .drain, alds
in the collection of any foundation seepage and allows free drainage to
the collscior pipes under thegtilling bagin, A twelve-inch (1.2") con-
crets mat is provided over thé entire foundation area of the spillway
imnediately after the excavation is completed to prevent the foundation
material from beconming soft and to facilitate the novement of equipment
during the placing of the vemainder of $he concrete.

(b) Abutment Sectiong.= {1) The abutment or non-overflow sec-
tions are wide basé gravity type sections and are founded on glacial
till, These structures are designed on the basis of the proposed ulti-
nate congtruction. Provision has been made in the initial construction
for the future addition of six (6) feet in height to formulate the ulti-
nate project. The section anelyzed for stability is the &eepestlsection
which is located adjacent to the spillway. The analysis of the seetion
ig based on the maximum water level reached during a spillway design
flood with mexirmn tailwater. The uplift pressures have been determined
from the flow net diagrams shown on Plate No, VII-l, and are equal to

the full effective head applied to 100% of the base. Under these loadings

the resultant falls within the middle third of the base and gives a riax-
imun foundationgpressure of 8,000 pounds per square foot. The computed
recultant for tﬁa gection, with the reserveir empty, fallg within the
middle third of the base and gives a ﬁgmimum base pressure of 9,100
pounds per squars foot which is within the allowable load linit for the
glacial till foundation. The factor of safety against slifing is 2.1
which factor is well apove bthe permissabdle minimum of 1.5, With the add
tional sarthquake loads applied, the resultant falls within the niddle
third of the base for the reservoir empty and just outside the niddle
third for the reservoir full, Asg in the case of the splllway, the sec-

G

tion was not increased to.bring the reaultant back wlthln the middls third

with the reservoir full,

(2) The base of the sbutment section is sloped to allow
the free drainage of any seepage . water in the foundation prior to the
placing of the onew foot base course of mncrete., The abutnent section
is divided into monoliths with lengths of approxinately thirty-five
(35)feet,

(3) A one-foot mat of concrete is provided for the base
as soon as possible after excavation is vompleted to prevent the foun~
dation from becoming goft and to facilitate the pouring of the remainder
of the concrete. .

g-3 B
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with 2 monarail and chain hoist ‘for handling a gale or other hsavy
equiprient, The roof is a reinforced concrete slab which is supported

by reinforced concrete beams which transmit the load to the twelve- .
inch face brick side walls. The architecture of the structure is simple
in order to have the building blend in with the surrounding massive con-
crete structures and the simple design of other structures in the vicinity.
The roof is designed to withstand a snow load of 50 pounds per square foot
in addition to the Gead load. The floor slab is designed to withstand

a live load of Y50 pounds per square foot, in addition to the dead load,
All interior partitiong are 8" brick walls, The chain hoist and mono-
rail have a rated 1lifting capacity of 2 tons,

(3) The substructure or basement consists of a reinforced
concrete Tloor slab amd walls and containg the electrical transformers,
heater and oil storage tanks, The pagsageway to the gate operating
charbers in the east dischargze channel wall enters the basement and
facilitates the removal of the gates or other equipment from the operat-
ing €hamhers to the work shop of the Bquipment Juilding. The basement
floor slab is designed to withstand the live load of equipment super-
imposed on 1t and the dead weight of the floor slab.

(£) Maintenance Building.~ (1) The Maintenance Duilding is
designed to conform with the prevailing type of architecture of houses
in the locality and with the dam operato%fs proposed quarters, The
structure is primerily laid out for a permanent mnintenance and storage
building., Because there is no sultable structure available in the
vieintiy for & field office, it is proposed to utilize the btuilding as
a temporary field office during the construction period.

{2) The building consists of concrete block walls, wood
roof with asphalt shingles, concrete foundation walls and floor glab,
and clapboard siding on the ends above the eave line,

(3) The interior partition walls around the heater room
and the o0il and paint storage room and the partition wall between the
three-stall garage and the shop and storage portion of the building are .
constructed of concrete block, The ramainder of the interior finish,
ineluding the terporary partitions, constructed in the building while
it is in use as a field office is gypsum boerd, except that the partitions
for the toilet and shower room are constructed of cement-agbestos board.

804, ACCESS ROADS.-{a) Main Access Road.~ The main access road
is a first-class bituminous paved road, 18! wide, and is ldcated on the
easterly side of the river and conveebsthe proposed rolocated sec¢ond-
clags surfaced highway with the berm on the downstream side of the em-
bankment. This’ road serves the Bquipment Tuilding, Maintemance Building
and operator's quarters and provides an ‘entrance to the dam site from
the larger villages in the vieinity. .

(b) West Access Road.=~& 12 foot gravel access road with three
(3)foot shoulders is provided on the westerly side of the dam-for the
access of maintenonce equipment and personnel to the top of the earth em-
bankment. This road leads off the presont U.S.Highway Route No. 202 at
the toe of the embankment and extends along the toe to the top of the
embankment. This road willl not be open to the public and is to De used
exclusively for maintenance operations.
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SECTION IX, OPERATING EQUIPMENT

9-01. INTRODUCTION.-The purpose of this section is to outline j
the basis for the selection of the warious itsms of equipment which are o
specified in the consvruction plans and specificationsg and to briefly ;
describe the features of the equipment selsched. %

9-02., GATES IN OUTLET WORKS.-A gravity type ogee ssction spiliway |
with conduits incorporated in the spillway sectlon wag selected as the i
most economical method of providing an cutlet works consisting of a
spillway wedv.and a control works., This type of construction limits n
the selection of the type of control gate to a hydraulically operated !
slide gate., Inasmuch as the proposed siructure is a low head dam with
a maximm head of 45 feet, the simplest form of slide zate, consisting
of a cast iron leaf and freme and combination bronze glide and seal, is
recommended, Because the winters in the vicinity of the dangite are -
severe, 0il, in preference to water, was selected as the operating
medium for the hydraulic rams, There are no innovations in the degign
selected, Design features are practically identicsl with the design
features of the gates now installed in the Blackwater Dam which was con-
structed during 1940 under the supervision of the U, S, Bngineer Office,
Boston, Mass. The gates installed in the Blackwabter Dam have proven to
be entirely satisfsctory. Allowable working siresses adopted in the
selection of the gates are considered very conservative., See Appendix YBU,

[P R,

9-03, OIL PRESSURE SYSTEM,~ (a) Description.~ The oil pressure
system is designed to deliver approximately 10 g.n.m. of oil to the rams
at a maximum operating pressure of 500 p,s.i. The system includes dual
positive displacement pumps driven by constant speed electric motors, a
combination pump mounting hase, an expansion tank reservolr, pump selec-
tlon valves, pneumatiec shock abgorber, pressure control by-pass valve,
pressure and return mailns, rem control valves and dranch oil lines o .
rams., T

e e L e i i i ———— 3

(b) Design Features.- Rotary positive displacement type pumps
were selected in lieu of reciprocating type because of the greater sim- '
plicity of design and lower installation cost of the rotary tyve pump.
The expansion reservoir tank is incorporated in the pump mounting base }
rather than as s separate unit. This proviélon decreases the amount of :
exposed piping and provides a neater layout., Inbricated tapered plug
type valves were selected because this type provides quick quarter turn !
operation and minimizes wire drawing, Piping specified is standard
weight seamless steel. The exberior of -the piping is painted to prevent
corrosion and %o present a neat appearance, Pipe fittings of forged
steel were selected for sirength and tightness of joints. Becansze of
the smell sized piping required (1-1/2" max.) and in order %o provide
an economical insgtallation, screw fittings are to bs used. In order to
provide easy mebthods of -asgembly and renoval of subagsemblies for main-
tenance operations, unions will be provided in the most advantageous
locations,

9-0l4, EQUIPMENT HOIST.- A two-ton spur gear hoist, trolley mounted,
will be installed on a fixed Menorail over the basement hateh in the
equipment building and will be used for the installation and maintesance
of the equipment below the equipment room floor, Whaerever it may be
necessary to remove slide gates or’ hydraulie rams, the hoist may be trang—
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wire generabor of "5 KV, capac:l,,ty,z direct connee’na& to & gasol:uge engine-
is selected to :t‘u:‘ 'sh emergquy ;power and 1ighting«.a,*‘{.‘he,.capac:.ty of
the g,eneratdr 1 suﬁficient tqﬁhandle Jthe starﬁing ;Lgatl G4 l;g,ypump ot
motor and: fﬁll“lighﬁ{ng%lna& ;simultarieouslyw{,Thengenératom»will be ., L YL
Ariven st 1,800 r.p.@m.\u Tfhi‘éwpae?ti«is cqnsi&enq’&wsatatsfw‘mrm for im0 )
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under 1oad. conditleﬁ};s ‘will tbe"‘inﬁrequbnt anfof aahov‘\t" 15‘.%’* SN Ther L ““j‘%‘»
engine will be equifiped with single nagnatic ign;t;éii%’ ;ﬁ}eiec“tric CU o A
starting, A geneﬁa&or will not . be ‘required as equipmgnt on the engine !
as the engine will not be run for lonh,fenou{-h peri.oq.s to keep the :
storage battery chai;ged ’.t}he‘“b*attery will ‘be charged. by & separate

battery charper fe@ s:?from »bhe 'élect:t‘ic powar and :Ligliting system., K
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associated bujldingl in taker'fron & 3;”%3@;:” 60-oye YeL81=2H00x ,ol:b&@@ltaw b
connected overhead &istribwitiun Qircmit of tﬁe‘-ﬁ; 1 y Spﬁfr‘ice» qupany : a»ef%f
of Wew Hampshire,' ‘ﬁhe Rkﬁb-vclt primary’ linaf-is fl)rm:lgh‘t'.u:E,‘rf;z:’xj,tl'ze;w over— i,
head line undergrouwnd a d.ia’eanue of - several lmndred feot .along the

access road to the brenaformer Yeult in the basement of thd squipnent

building at the transformer wault where, the \vslta/ga is Sransformed to

sﬁ‘s.;.f thw\ 3or

(b)-4 120/ 208 Wolt, *j—pha:se,\ hwwiﬁeﬁ,wg&*s‘éﬂ.;neﬁdriven enginer LA
generator seb {sda’ para@aph*?—»ﬁﬁ) is ﬂ#&?fﬂﬂ&ﬁ@m‘;}ﬁﬁﬁy :E:hé"’ Raﬂ. finatheg e e
event of commerclal power fallures ceuded by ligh%ning.‘f“ slash or obher. wjri_j*
events. Power is distributed thioughout theé stractures -at 120/208 volts o un
Y-wire, 3-phage. Oonductors are of sufficient sizs to comply with the .
National Electrica}. Code requirenments for carrying capaait;r ahd to insure

circuit voltage ragulation consis’cent with good practice. ) ’

(c) Spare capacitzf in*‘fducﬁ; bagks. extra ~condtt1t sleeves :ln the - /- .

equipnent. room and” eleewhere, ‘Dl share: c:ircu‘it"é orl ‘tme 'éwitchboard N ’, ={’ o
and pa.nals are incorporated to ‘providé for -any unforasean inaz‘easa»min f;;;ﬁ;g{%
elsctrical requlremenﬁs at a- la‘aer data. 7 RGeS
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SEGTION X. GONSTRUGTION PROQEDURE :

10-01,., GENERAL,.,~It is proposed to construct the initial staze dan
in two construction seasons extending from April through October, ALl
construgtion work will be performed by contractual forces. It ig nob
considered possible to continue construction during the winter following
the first construction geason due to the severity of the weather in ‘
Bennington. It is antieipated that the relocation and raising of roads

" and other facilities affected by the reservoir will be accomplished

during the second seascon of construction. This program of road reloca-
tion will not affect the construction procedure as traffic can be de-
toured on other roads until the roads to be relocated and raised are
conpleted. The railroad abandonment would not be completed until some
time during the mecond geason of construction and because of ‘this the
contractor will, not be able to eonstruct.that portion of the west em—
bankment where the railroad is located until the railroad work is
corpleted.

10-02, SCHEDULE OF OPERATIONS.- The sequenco of construection
operations proposed for the twowyoar oonstructlon period is presented
graphically in thi accomoanying Plate No, X+l and described in the
following paragraphst

(a) Pirst Season,=

(1) Construct the Maintenance Building as a temporary
field office. )

(2) Construct the west embackment from Sta, 20400 to
Sta. 37400 to Elevation T2k,

(3} Construct the east embankment to Elevation 686,

(4) Excavate area for Spillway, Stilling Basin,
Abutment gections and Discharge Channel Walls,

{5) Construct the Spillway and Abutment sections to
Zlevation 679.5. . ’ i

) (6) Construct.the Discharge Channel Walls complete,

(7) Bxcavate the Spillway Approach Channel except
for a portion at the river bank to serve as a cofferdam..

(8) Excavate the Spillwasy Discharge Channel,

(v) Second Seagon .~

(1) Complete the Spillway to Elevation 705. and the
Abutment sections to Elevstion 724,

(2) Construct the upstream and downstream cofferdams.

(3) Bxcavate the temporary upstream diversion channel.
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SECTION XI.

1201, ESTIMATED COSTS,

SUMMARY OF (ST

The cost of the proposcd Bonnington Dan
ond appurtenances, bascd upon fingl design, is ostinated as follows:

UNIY TOTAL
ITEM DESIGHATION QUANTITY THIT CoOST COST
1. Rosorvoir Clearing 1 Job Le S $5, 000
e Rorioval of Bxisting
Structurcs 1 Job L.S. 4,000
Za Divorsion and Oare of
River and Dowstoring
Site 1 Job L.S. 70,000

HR Clearing end Grudbbing K0 Acro 400.00 20,000

Be Stripping 92,000 Cu.Yd, .50 146,000

6. Excavation - Common 496,800 Cuy Tde .60 298,080

Te Excavation -~ Tronch -

to 6-foot dopth 2,300 Oua Yde 2,00 4,600

B Excavation -« Trench

Greator than b-foot
dopth 500 Cue Y. 3.50 1,750

9. Ixcavation - Borrow -

Rondon & Iupervious 199,300 CulYd, +55 109,615
10. Excavation-Borrow-

. Pervious 111,100 Cu.Yd, 55 61,105
1l. Excavation ~ Roelk 53,100 Cu. Y4, Ze 50 185,850
12 Placing ond Corpact-

ing impervious £ill 150,000 CueYde «18 27,000
13. Placiag ond Corpact-
ing Random Fill 20k, 000 Cue Tdo W18 36,720
14, Pl-~cing and Corpact~—
ing Porvious Fill 174,000 Cu. Ya, .15 26,100
15, Soni=Corpactod Fill 100,900 Cu. Tds «10 10,090
13-1
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16«  Additional Rolling 20,000 Square .10 & 2,000
17. Hand Compacted Fill 6,000 Gu.¥ds 1,00 6,000

\ - : "

18, Selected Gravel 14y, 000 CueYds 1,50 66,000
19« Soreened Gravel 11,100 Cu.VTde Le00 16,400
20,  Gravel Backing %14, 000 Cus¥d, %400 102,000
21.  Sand ‘800 CusYds . 3200 2,100
22. Dumped Rock Fill . 85,700 Cue¥de Le00 342,800
23, Cobble Facing 7,500 CueYde %400 22,500
2l Derrick Stone 5,200 GueYde 8400 11,600
25, Concrete in Abutments, .

Spiliway and Dis- - - ]

charge.Channe] Walls 43,300 Cu.Yde 18,00 779,400
26, Concrete in Stilling

Basin Floor 8lab and .

Baffles 7,250 CueYde 13,00 94,250
274 Corcrete « Miscellaneous 175 Cu.¥d, 30,00 5,250
28. Porous Concrete 1,800 Cue¥de 10200 18,000
29y  Portlsnd Cement 72,500 Bbl. 350 253,750
30+ Steel, Reinforcement 387,500 Lbe «09 311,875
%3l. Copper Water; Stops 1,100 Lb. 1.25 5,125
32,  Miscellaneous Metels 1 Job’ L.S, 9,500
33, Tile.Gages .. 1 Job LeSe « 600
3la, Bituminous Coated Per- ,

’ ferated Corrygated Motal - Lo, s

Pipe = 10~anch 900 Lin.Ft, 1.10 1,260
' : I 29N ! PRI
%Ejb. Bituminous Coated Perfora~ .

ted Corrugated Metal Pipe :

12-1nch 2,300 Lin,Ft. 1.50 3,450

112
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UNIT TOTAL

TTEM DESIGNATION TITY UNET COsT COST
35,  Spillway, Stilling

Basin and Embank-

ment Plezometers

ond Settlement Goges 1 Job . § LS. § 3,500
%%. Downstream Piezometers 500 Lin.Fte 5400 2,500
3% Embankment Rellef Walls 800 Lin.¥t. 25.00 20,000
%8gs Relief Wall Collector ’

Pipe = 6-=inch concrete 225 LineFte 2400 450
Z8bs Relref Wall Collector

Pipe - 12-inch R.C. 1,400 Lin.ft, 2450 2,500
20 Cement Asbestos Pipe

6=1nch 35 Lin. Pty 2.00 70
0.  Manhole 1 Job L.S. 350
li¢  lonorerl Heist 1 Job LeS. 350
L2, Gasoline~Elcctric Stande

by Uavrt 1 Job L.S. 3,000
I3, Installation of Govermment

furnished eguipment 1 Job L.S. 10,000
Ll  0il Pressure System 1 Job L.S. 10,000
5.  Electric Power, Lighting

and Telepvhone Systems "1 Job LS 2%,000
Lé.  Gravel Base for Roadway 5,000 Cue Yde 1,60 8,000
L7+ Bituminous Paving 3,630 SqeTde 2,00 7,260
LB8. Cobble Gutters 550 Sqe Yde 3400 1,650
L9.  Seeded Top So1l 2 Aere 1,700.00 3,000
50s  lshwey Guord Reil %26 LindPte 1,50 Lag
51 Gate Posts, Drop Inlet

and Culvert Pipe . 1 Job LeSe 1,500
52. VWoter Supply Well 50 LineFtse 10,00 £00
53«  Log Boom 1 Job LS. 14,000

11-3
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SR 544 Equipment Building Super=- . s S
bt structure ¢ 1 Job :“_1534 $. 19,000
e 55. Maintenarice Building 1 Job L& 25,000
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Pump and Storapgs Tank l
in Maintenance Builde
ing - “ 1

Operator's Quarters 1

Recording ‘Bouipment in
Dquipment House

Contingencies 10%

.
v

District and Division Overhead (6% of $3,251 g800)

1,000

18,000

1,500
$2,956,189
295,611

~ 43,251,800

195,100

Inspection, Supervision and bnglnoerlng

during Construction

v

District and DlVﬁSlon Office Ouérheadwqh N
leed«Labor Operation of $317,3QO e 127 )

TOTAL CONSTRUCTION COST
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XII, 'CONFERENCE NOTES '

? - * P

12-01. GENERAL.- Suring the progress of the design, two meetings ot
of the Brard of Consultants were held in the Bostor District-0ffice .
and the selection of structures-and features of design were disoussed SRR
1n dotail and decisions mpde.  Several inspsction trips wers made to s
the proposed site by the consultants in arder 46 nbtain a complete i ‘ﬁ
picture of actual field ennditions prior to the vonferences, Infor- g
mal discussions were hold at various times with Mr, W. H. McAlpine . *
and Dr. A Casagrande on various festures of desigm. ] .

v

12~02. ‘RESULPS OF BOARD OF CONSULTANTS CONFEKENCES.- (a) First oy
Conference.- The first conference was held on 1 September 19l with | . .
Dr. A. Casagrande, Harvard University, Cambridge, Mass., and Mr. W. F. .

Uhl, Chas. T. Main, Inc., Boston, Massi, consultants, and Mr, W. Hs aﬁu

McAlpine, Office, Chief of Bngineers, Washingbon, . C. attendlng. g
(1) Genoral.- The follow1ng major docisions und modifi- ' \
catlons wore agrosd upon after 8 revlew of the prelimlnary plans: C

&. It was agreoed by tho emsultants thabt the .
locatron selectsd for the dam and sgilrway 18 “the best possible locat;qgwmbwwh‘
and that additional subsurfape explorations §hould be made irn order to

obtain more completo information on the foundatinn. . :

~

b. An nutlet for power should pnt be installed,

ra

¢, Dr. Casagrande rscomiended that & series of
wells would bo sufficient %o relieve the hydraulic head in the pervinus
sand strate in the foundatinn on the wost bhank. ' |

¢
* -

- ,,

T / - - 3

(2) arth Embankment.- g. The Beard of Consultants Co Al
agreed to the following: & top width of twenty-five (25) feet for | "

embankment; a top width of fifteen (15) feet for the core; the top of ' b

the cors to be four (L) feet below the top of the ombankment ssction,

and side slnpes of the ¢ora tn be six on me (6 on 1), - .
b. Recommended provision of one (1) foot of gravel
under the three-font (3') layer of riprap on the upstream slopo. ‘ o
¢. Recnmmended prov131on of a - convering of gravel frse
or small quarry wasté in lieu of topsoil. a0
d. Recommended provisaon of riprap for the full . Py

1ength of the side slope alnng the discharge chamol on the ombankment
side.

a. Recommended use of derrick stone as riprap on

the level portion of the downstream terrace in the area adjacent to the Do

spillway. In order to prevent erosion of the ferrace, a stone breakwater if

to be provided at the top of the slope of the spillway dxscharge chanisl’ T

s
- ‘\‘_/

on the downstroam terrace.
, . } i
(3) 5p1llway.~ a. It was generally agreed that either a
gravity or hollow type of spillway may be employed, whichever is

12-1
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b. Cuf-off wall undor spillway tn be omitted and
the foundation to be placed in a straight plane sloping to the tone.
The first foot of concrete to be placed in once layer on tne +till
foundatinn immediately feollowing excavation. Underdrainage to begin
at downstream third point. Upstream face to be backfill:d with com~
pacted till below clovation 660, Site to be dewatered by sloping to
ditches and pumping.

¢. " Lengths of monnliths and construction pours
of spillway approved. No keys to bo provided in construetion or con-
traction joints, except botween stilling basin slabs where keys are
to be special, similar to Arkebutla Dam.

d. Absorptive form lining to be used nn all
axpnsad gnnerete faces.

@. Alr-entraining cement to be used in all concrete.
f. PFilters under stilling basin and downstream
portion of spillway Tn be six (6) inches sand, six (6) inches gravel
snd twelve {12) inches porous concrete. Lateral pipes, piezometers and
manhnles approved. '

Protection below end sill of stalling basin t»
cmsist of fave (5) Teet of derrick strne nn eighteen (18) inches of
riprap over eighteen {18} inchus of screened gravel and to extend sixty
(60} foot dovmstrean. Surface of .stonc tn bo reasmably smooth and nne
(1) foot lower tham top of end sill.

I3

I

h. Type of gates, stop-log provisions and trash
bars approved. Gates subject to slight enlargement %o satasfy OCE
requirements for additional capaeity. Dam tn be equipped with simple
stop~log gate and dovice for handling.

i. Provision for removal of portion of spillway
crest tn facilitate Tuture raising approved.

J. Econony of counterfort retaining walls vs
gravity retaining wall to be refigured. Gravity walls recommended 1f
enst differential s not large.

k. BSuitability nf gravel for use in concrete o

he tested.

(¢) The final design of the dam has been mndif icd tn incor-
porate suggestinns and reonmmendations made by the New England Divasion
and the 0ffice, Chief of Engineers, 1n the 1lst and 2nd Indersements to
letter to the Chief of Bagineers, through the Division Engineer, New
England Divisinn, Boston, Mass., dated 30 Apral 1945, subject: ™Definite
Project Report for Bennington Reserynir, Contoncoock River, New Hampshire®
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The drawings comprising Appendix A are selected

e e e b cias

from the drawings prepoared for issuence with the contract

specifications and are referred to in the various Sections

of the Analysis of Design.

1
]
\ B s
<y < “* y . F';,f‘ ‘L_;ﬁ I _ i
i o [ s SFET R A
e R - u Sk e W T H
bz ¥ =27 KB v M=
Py 2o ¥ T, o SE SRR B e
b pe e A USRS S e
_— o o LR IR S

o - dxull PE R



Flate

A=-1
A2

A=l
A-5
A6
A-T
A-8
A-9
4107
A~11
A-12
A-13
A1l
A=15
A-16
A=17
A~18
A=19
4-20
A-21
A-22

ANALYSIS OF DESIGN

BENNINGTOW DAY

APFENDIX A

SELECTED CONTRACT DRAWINGS

JNDEX OF PLATES

MERRIMACK VALLEY FLOOD CONTROL
BENNINGTON DAM
CONTCOCOOK RIVER

Title

Project Loecation Plan and Index

General Plan and Sections

Hydrographs No, 1

Hydrographs No, 2

Flan of Foundation Exploration

Record of Foundation Exploration No, 1
Record of Foundation Exploration No. 2
Record of Foundation Fxploration No, 3
Record of Foundation Exploration No. 4
Record of Foundation Exploration No. 5
Plan of Borrow Areas

Record of Borrow Exploration No. 1
Record of Borrow Exploration No. 2
Embankment Sections No, 1

Embanlaent Sections No, 2

Embankment Drainage

Mesonry Structures ~ General Plan'and Elevations
Spillway Sections

Stilling Basin -~ Plan and Sections
Equipment Building - Plans and Ssctions
Maintenance Building - Plans & Seetions
Lt-O" x 61-0" Slide Gate Assembly



R

e

R

AR REPANTRENT TURFS OF ENGINEERS, U, 5, ARIEY

—ad

T e M,

T g

b
) ;

g v & %oV -
g-fﬁ-

BENN!HGT

? "*«r‘(z‘ .
Eaed Dullivan ’; i

" BORROWJARES "C™
St e,

-
!

A S

z

b -ﬂﬁ\.w'r-‘?:.w’)
*}, f\lo rL—-s
éﬂ R O X 2 Y y'\" !
I

A L A 4, Ly

a1V S M

— 2
lu*anrhaoac“ o
i : L
— ¥ )
i e
s )
/ :
. N
*1‘ '*-"‘-ﬁ-‘iml‘ 3
! oot
\ Foty q i
. v 4
. L4
O U r e
\ ., ()
L AFPROA SCALE 1282500 s
i . oo
H . § - - : wls
" - iy . . T T o
v TITLE SHEET ORI TITLE Rl e TITLE SHEET | DR TITLE Vg
o ’ | s3i5 | Emburiment Sections, Ne.! _____‘7#*1,"1? B srfy t/m!nen." ﬁ‘t's-'ﬂrh/c‘m""fs«:o"fk‘éj_'_ .1 a8
o SENERAL o wsie | Ermbankment Sections, Mo.2 - P _—_MISCELLANEOUS METAL AND DETAILS stig | Eieciricst jy:ferﬂé}fj}m@ Ay
| _sa/i | prq.vecf [.050"‘0# f’ren aa:‘lm%x U o_ssiy | Plar of .Exoa\raf.uan . i w9 R syt | Plerometer and Setflement Gages Ex RE!NFORCING SCHEDULE
| =02 Genaral Pran & Sactions 1 i safe | M deoeas el o7, B ssiz | Air Vents R kY R A N
831 Hﬂfrﬂ@@p‘s Kot 3 i s 2t 4 ssfs | Miscellaneous Defails Mol 35 sn | Deinforcing Scheduie L. 50
. | Hydrogrepiis sie 2 i fn"r' Fetraent Qi g : ¥ 5514 | Miscellangous Delsils No. 2 3% i )
Llar of Foundstion Sxplcrstin 5 B3/ -fmbmkm_::n/ Mose Deotsils 73 § s | Misvelseans Dolsits Nod )] MNNTENANC'E MLD‘NG 1EMP,FELD OFF,
Record of czlnarr‘tc" Lxpleration, Mo i & . R 8845 lite Goges ) il
M, NHY STRUCTURES = p -
Pecord f Fruniation Expler atizn, Kozl T4 ASONRY oo [ st Piping and Fgerent 2
T Record or Founsation Explorstion, M 3| 8 §_salt | Masgnry SirueturofGeneral Fion ond Eierahins | 14 i EOUIPMENT  BUILDING . R
sacard of Foundation Extloration, HNe 4 3 I sel .s-f/'b.’nﬂnamh-zsn Sterwlin ond Jections. 25 . . e oA 2]
Record of Foundstion Expteratran, Mo 51 10 ¢ i 'r’_“_-:frqai_____ 26 sen Laquament Q'r,...'!x]/laﬁ md.,u.lm« R B - Md:rfe-wn’ﬁ.r e
Feclogical Frefilzs Aol . Yy R | sele 1 Spuapmers Ruittivg. T SIS SN A ws | Adain ot s e | %
'8 | Geclogical Prof .’z_-s it N sef2 | Louiwr.ert b'wlcﬁ.r.{rf,':‘kfm"z- Mewr e WERRIMACHK VALLEY FLOOD CONTRUL
. e 1z | seis | squanen? Budtdiags Sebsis NaZ R ! BENN! \IGION DAk
. : : : 31 sefs | Equirnt Guitding, Reinforoing 1A CONTOOLOTK RIVER
[ BET p.rf.u’n@u ,Qem,:arrr" - 3 7 Geriiding He £ <& Gas- | 45 ‘ 0
AL g . e s6ls | Loquipment Building! Hesling, Plumbing Gas £ , e e e T 3 O ATIO D1 AN AMD INDEX
1 ss,ﬁ T“an’.fng &;-.wn/ﬁ!ﬂn sne! Jeclion ! | ofins Syzlerns ! ROECT LOCATION PLAN NDINDEA
. Sommomomom et T | N BSSHEL 1S SIEET KO SALe AS LW
- ELECTRlCAL SYSTEM !
i Ds’g:} aF z'.'»(h oY Ar&ao i . i - U S ENGINEER OFEICE, BUSTON, M&SS, JUL v 1348
Recerd of Borrow Dxploration, No.i | 5 | Llecini o Jyste: Z// is Luogesrr. m.uz’ N ; F’m'“"m perer———— oV, -
: | Aezerd . of  Burrov, Sxgloration a2 s i f 7 Sy Gt Loyt A 47 1 LT il e iy
< EfE e h -
;‘ e ] EHLE T, .
= e —— e SO RLE ND. M 19-59/1
SR o P L - : D . SENIBIONS : - ; -
i j [ | P —
J IPLATE A— |



WAR DEPARTMENT

FIF-4

SECTION STAC20+00

SCALE Y - 50

e

o of Wele—"

rkarefd -

Froad
delail see

rrier. For
haef Nedl
-2
5,

~

T ==

an Toe-
SR

/-/

ZDam
éra&‘-'j—-zf"q”

T Fimie Xona 7 .

I

A :‘%12‘3’0':00” 1A
%;Jo (80"

{ bQWNSTREAM TERRACE

\\Ap)r'\ox. & of Downstream

N \\ \“\__ //’-' _/:::‘_ —H—\\\ )
N S~ T —Dlmped Rock Fill Dike
: gl U _-Top £1. 680.0 ~.
e 0F O Slope £1 669 o o
N - SIoe on 2
S L YTl YT

N~ Frerderm -

Fordetailssee sheef 28

P N
\Se'e secrion M-H, .
or widfh of afunmqoq‘ rock Fif
7 =] 3

N179529./5
£ 430444.37

Pelief Wells

sheel Mo 18

<

S

igf _':feea’zdibp.fér'f
U, £ 709.0

Original gropndtaey
il T YT

CORPS OF ENGINEERS, U, 5. ARMY

SECTION STA.C33+00

=T
S
<

SCALE ¥ =50

e PN N

2
1on 2%

\__) ~ N
. N,
S /"’_‘ N ’b:
R s 2

. 20 . _—"

},é?:‘ P

N 180628.97 ——

:;i'

. ! N
o !\\/ R
SR ) 2 Man. No,2
L) - U.G.ED. Disc
/ & Ef 13557
[ N181129.52 )
a .. E42997187-1¢

e
I

Legend
Buidings ro remarrn

223 Buildingsfoberemeved.

Gereral Nofes -
Elevations -are based an U.§.Coast and Geadetic
Survey datum of Mean Sea Level.
For location of Spoil freas see sheet /3

U, 5. ENGINEER OFFICE, BOSTON, MASS.

MERRIMACK VALLEY FLOOD CONTROL
BENNINGTON DAM
CONTOOCOOK RIVER

GENERAL PLAN AND SECTIONS

SHEET NO.2 | SCALE 1"®1000
0

JULY, 1946

APPROVID:,

,00" - e o .
S T T =g
o Y
] VN
— Q/&E‘»C?QRG N
& VAT CHANNEL £ 660D
5§ V! NS e .
o wd \ S SNJN 18125837
Q N S > & 1843103748
> \ ~ 3
n \ 1 ~ 650 O \ g
AN annes=s A (7S
Slopefonz | A e ?’ R 5 w = R
-~ i BEE , = Kogh, Ber. ) ) 66,
) T &'»‘i:___‘__/ Fox Hetdrtap okbel M2l o
o B S L7 = - =
0 2 N ) 690 \\ . l -
A - T, ¢ Dam :
fo6" 1 S AN 4 estor
m:-/ﬂ fzsgp; Huway @ ¢Dan: 6. T \\‘x el ENPs
ST Y : 3
] 1 - gr.z.gz.g _E.f_Z@i_-l4 ELIZRO 6}5 / "\\, : -‘i-'.fé;(?; o . )
1 Fordetailsee | E1.7050F] EL7080 | Mox W.S. EIL.716. 2 7 '—'-4'—-..._ Slope 1on 2 \ IN 56 SHEETS
- \ g e e T 616200 : , 82700 — i [
i : . 6601 EL680.0 . > £686.0; .
‘ ' \ ) ‘r Ry 4 —-——;—-. = ™ EL385.68 tS 4
- \ VoM, 4 s B ' ELE5T0 o i
/\-'%\ j R ‘%’\ 3%% b3 g - S &L~ r.._.._é_o 150
\ T o RN\T—imilerworkares ‘\ SECTION STA.9+88 SECTION STA 1i+70 ECTION_STA 20+00
3 7 ® - seeShald 287" ALE 17- 50te” scaLz il Atk 4 eaic” e SereE el

FILENO. M 19 - 5072

PLATE A-2



R

CORPS OF ENGINEERS. U. 8. ARMY

WAR DEPARTMENT

A5 [ - “__‘_‘—'-T"-'_‘ 45
40 =g - - a0
. w
iagt—— 35 42
a 3
] v
o
a 3 wi
F; o
Q o
2 o } 25 2
z T
z ; 20
w [}
) ! o
<8 l 5 g
I i I
2 / 5
5" o 2
| > .
o - ) -
Oy T 1T rmT ™ L (L Tl I L Tt T ; 3 TrY e R oo | 1520 | N
1920 | w20 1020 020 | 20 1000 020 | w20 | 1020 | ® 26 6zc 1 1020 | 020 | 1020 | 1020 | 1020 | 1620 | 1020 | w020
JAN. | FEB, | mAR. APRIL | MAY | JUNE JUNE | JULY | AuG. | SEPT. APRIL| MAY | JUNE | Juiy | AUG, | SEPT.| OCT. | NOV. | DEC.
19 1925 1929
45 45
45
!
80r-—— 40
.. w
“ l
w35 35 G
bt o
o
w30 30 3
o
x )
z 3
2% [ :
z Lo z
[N
2 | 3
< I5 5 <
z 5
% _ o ¥
[0 =
E \ A . 'lj% % 2T 5
OpFt<q 11 Ty TS 1 T T R RN 5 ek UL e S N R % T %%0
vzo o2c| 1020 w20 | i0zo ! io 20| wze| w20 | wao | w20 wzo{ie20| wae] le2o| 1020]| w| w0 ]| 2| V20
JAN. | FEB.| amR. APRIL | Mav | aune ] gyey JUNE | JuLy | Auc.| SEPT.| OCT. APRIL | may | oune] sury | Auc. | SEPT.] ocT. | wov:} DEeC,
1922 1926 1230
I T 1 T
PEAK DISCHAHRGE 5500 CF.S.
40 - = -1
< 36 .
& 35 vi
J b,
- J
] 303 A
3 «
. z [=]
3 =z
ke z
z —R0 Z
wl
3 ]
T g 3 &
< 7 <
: | - :
& iy ! & N @
a A &
Al AR
, ] 0 :
7, W7t o s o S S A e ,.//-4. A T o
1020 20| wao| 2ol w Beeh 020 | W0R0 | 1030 | WEO 1820 ) 20| K20| W20 | IC20] 20| W20 | 0Z0] W0
-MAR. | APRIL APRIL J MAY | JUNE [ JULY JUNE | JULY | AUG. | SEPT.| OCT. APRIL | MAY | JUNE | JuLy | AUG.| SEPT.| ocT, | nov. | DEC.
1923 1927 1931
i PEAK DISCHARGE 6100 C.F.S,
a0l -f- 40
. | .
= 3 a
= 35 : Nofe:
N - See Mofes on shect No, £
e e = m— 30 o .
A | S
2% — s 3
T i I
z b1 oo 2 MERRIMACK VALLEY FLOOD CONTROL
3 I g w BENNINGTON DAM
|
E 15 H - CONTOOCOQOOK RIVER
H i x
20 il | 3 HYDROGRAPHS NO. i
a4 T 3 .
o 3 | IN 56 SHEETS SHEET NO 3 SCALE AS NOTED
& ‘\M H 5 U. S. ENGINEER OFFICE, BOSTON. MASS. CJULY, 1946
7 e . APPROVAL RECOMMIICDRD AFAROVEDS
opFRF TRty T L R By U AU -
A o2 1 20| 16 20 020 wzo| 020 | 1020 | 1620 | 1020
JAN. | FE8, JuLy JUNE} JuLy | Auc. [SEPT.) 00T -
' 1924 1928 M
= -
};&-:Lc_lﬁ_ T Clce (28 FILENO. MI13-51/
o

'PLATE A-3




CORPS OF ENGINEERS, U, 5. ARMY

o

IN HUNDRED CF.5,

DISCHARGE

IN BUNDRED L.F 5

DISCHARGE

ODISCHARGE IN HUNDRED C.F.S,

DISCHARGE N HUNDRED C.F.&

\‘\/“‘/

} j — MARCK 19, PEAR mscm;ncz 13,500 CF.5. - —‘ T 45
! ‘ s
- - - ——t - 1S S 4 L t— - i . R TR (OIS S R . P ! N - ek b oM 4
' 1 1 :
2] PP ANV [ A R S [P A - e - — PR B - —_— . —— -—— [N S R g — —t R b
. i 5w
' i v
L e~ i e L -
-t R ; : 03
i : %
= - I S B B SR T I r%
T T NI T -
i
4
12 -] - - - — - T_J . - —— - 4 5 g
! <
I : ' ” 3
10y JRS R— - .- ———— - —d - b -l - v
| : 7 i T % ” 12] 5
i /s l i " i
5 B : i — — - g : 3
- t
B o
I AR R R R i e e S Y. R g e e et %W N s A RO s AR %ﬁ N —
K26 20| 1020 K20 | w2 | 20 Lo Jial ] B 20 020 020 020 020 2 0.0 0 oo o oo LN 20 29 W20 . 020 ¥ 20 1000 W20 : 020 1020 K20 30 ¥ 20| | 1020 02 2D 1020 16 30 1020 20 Lo 1]
Jan | rel. | mar {apRic ! may | oune | guy | auc | SEPT . ocT | mow | pfe . ) :_| aes May | JUNE gy | avn seer | oot | nov | pee || s | FER | MAR [aPRL | may | aumE | suy | oaus JSEPT | o<l | Movi [ GEC || JaN | FEB | MAR [ APRE | May NOV | DEC.
1932 1936 ' 1940 . ' t944
FEAR OrRCHARGE] 4525 CES ——] 1 ‘ T *
v i ‘w
— ] H L i _ : "
: ! f o
i : ! .
N : L i _ : hs "‘:
! ' U
_ H E {_. S— ; —fe = ho O
: 1 o
J 2
25 - -
2z - ; ‘ s £
: i *
A R | 1 , z
7 z
g
1 i — U |
- - — = 5 ¢
: T
j bl . = 3
| E | ﬂ | . - | 3 °
1 H i 1
Ay _ g | \BAL R 1A a g
Y ‘ i : i F
ey D Z/ : A
TTTiT ISR BLEANEL BERR) T o iy TTE TIT T LIl I SR T IR RS RE B L) | U R SRS B R REEA ] H T TiY T TrIrErr'y T F T li"l T T AR MU AR RS B R TTTY T T
10 20 W 20 w29 162G 1020 020 [ (¢} 020 15 20 IG?D [ 00 16 20 wwa2c | ¢ TN e L B b N ot - W o 120 0 20 [saS] el 020 020 W20 1020 K20 iC G w20 % 20 20 w2c Q. BX 020 K 2 20 w0 X0 Q20 © 20 026
JAR FEER [ AR, EAPR"‘ MAT JUNE | Juoy AUG | SEPT. ST OV, DEC. AN, MAY | JUNE | Juny I AUG | SEFT. OCT | nov [RioN AN FEB. | MAR. | APRIL L omay JUNE-j JULY AUG. QCT. NOV! | OEC. JAN. FEB MAR, | APRIL | MAY | JUNE | JuLy AUG. | SEPT. cct NGOV, DEC.
1933 ' 1937 . 94| ) 1945
FELAK DISCHARGE |8952 NS, SEPTL 22, PEM DISCHARGE 15400 CFS7 = MOTES :
= ' b _ ) 0 Hydrograph for the Confoscook River ot Benomgton, MH, (Dra/hage
Ares - 156 Sg M) has becr consirucied from the sirreamsm flow
. e g1 nc&ﬂb;{ LES Gc“o/o’gfcaf Survey Gaging Starorns 25 followss
3s B - 35 & Date from Sepf 1917 fo Sepf 1924 proreted from Fimwood, N M.
J Gaging Station on the Lontoocook River-(D.A. =168 5g. Mi.)
| 2. Dgts from Sept 1924 fo Oct. 1935 prorated from the records
; e o S of the Spuhegan River Stafion of Merrimack N.H, {D.A=F7r Fq. [
| z 3, Pesk dischargos or Marsk /936 snd Sept /1938 Floods
L . -4 obtsined From calimafed flows af several doms 1 Benningfon.
“ 25,5 4 Remairedar cZthe so spd grar,fo S From the Confoozoot Fnver
T 7 S 4 -
o Hennféer N5, (DA* 368 Sg M Juamws the MNorilt Sronc?h neal”
= — 102 Afryr MK (DA =58 Sg. A . .
w The rafing curve showe bsfow i3 hased on fhe oischarge
15 b i [ copacity of fha Monadnock Powsr Dars i Benningfon with
! A H - - t IS S a//;»fan.’:es forthe effect of bsckwster:
: U
i . - : - 4 e
| E %ﬁ & a ﬁ A’l i -
A i ; L - 4 ) & 5 6 T
E > z : T T } H
Dy &4 P T
! X% 672 LT ;- o
L | LI LR A N T AR R L R t 1 Tt T L AL Ul Tt Lk T Lin T | T T4+ T+ URR] T ! T 440 F oy | [F LASHBOARDS
1020 w20l wao [ o | W | waD | W2 ;e | W2 X | wae | e 026 | 2| woed wa | wee | wee | w20 | e | wa | v2o | w20 || 020 wzo fwzo w2 | cae | Wi P we x| ke ug { FLASHBOARDS
JAN FEB. | MAR | APRIL * MAY | MNE | JULY + AUS. | SEPT l QCT. ,_"_"?"" i EE_C_-_ SAN, FEB | MAR | AFRIL J MAY JUNE | JuLy AUGC. | SEPT. OCT. | NOw. DEC. |} JaN. FEB. | MAR, | APRIL | MAY | JUNE [ JuLy AUG | SEPT. | QCT. | NOv DEC. :g £68 I = T 1 t { }
5 - -4 - ek g o e TP OF FLASBGARDS ON
34 1938 1942 P | MOMADNOCK POWER DAM
a5 Bi %4 T EL 5635 CREST OF WOMADMGCH
i gz T POWER DA | i
: - i . T ss0 T
4 — ] TP E . - I A | . o o 2 2« € 8 10 12 4 6
. DISCHARGE - 1000 L. F 5.
Uil
3 L - - o - k- - —135
s RA
Fom SOTTL0N AT GEMMNGTOH TR
_ ] R . 1 ] L : 30 O
vl
o
o
E- -—1- [OE R S —1- - ’5;'5 .
' .
. | - ; 02 MERRIMACK VALLEY FLOOD COMTROL
; 9 BENNINGTON DAM
8 E - | U O T i I W g CONTOOCOOK RIVER
; T
. 4 : R iy o a HYDROGRAPHS NO. 2
] . - X a .
| . ;
Y ﬁ i l ; ; 1 5 t ) | H__‘ N 5§ SHEETS SHEET NO4 SCALE AS NOTTD
////y/ T M T ¥ 7 1 B i ‘*[ Sl i 2 ! = U. 5. ENGINEER OFFICE. BOSTON, MASS. JULY, 1948
: & / / - 7 RECOMMENDED . VED:
7 = 2 77-—,-,1»" 7 "}ﬁrMJ A 27 oL / 2 s 4 B i
Toore N UL Tl MU B e S I R B | [N ARL IS A e | RN 7 7 f R S R T T i R U T IR RS RERES T 51‘ ™ U B T T 7 T T
0 20 020, 020 020 W20 [[or-Loa B Lol ] 1 20 00, K0S 020 W20 [ored] WSO 2a | G20 | G EO 020 | 1020 120 e | o020 0 2e | 1020 [[eJr14} 070 1Ic 20 020 1020 | 1020 1020 1026 | 10 20 d
JAN FEB. | MAR. APRIL 7 MAY | JUNE | JULY | AUG | SEPT.| ocT ; dov | pEC JAN 1 FEB .} MAR | APRIL | twaY | JUNE | sULY | AUC | SEPT | QCT. | mOV. | DEC M. | FEB } MAR [ APRIL | MAY | RNE € OCT. | NOV:] DEC. .
1935 1939 1943 .

" _ - : u A Ol |FE |FLENO. Mi9-51/2

] PLATE A- 4



A

SCALE JINCH - 10G FEET

CORPS OF -ENGINEERS, U. S. ARMY

Contour- Estimated fopof YiLL
Contour - Lstimated Rock
————""" Confour- Origingl ground Swrace.
@060  Driil pole.
Sessrmic /ling.
W T6OP Test Pif
WRTE7Y Tos! French.
fowd  ovservotion Well.

. D4, D27, D58, S8 Yo St inclusive, 515§ SIF ore
ourside 1he grea covered by this sheel

£fevaltions are in feet and are bosed on
USC F 6.5 dotum of Masm Ses [ aveal.

The data comfoined hereon are not infended as
representations orwarronties butare firnished
for information only, I s erpressiyuwdersfood
oot the Government will not be responsibie for
any deductfion, inferpretation, or conchision
Phere from made by ‘any bidder or cortrac For

MERRIMACK VALLEY FLOOD CONTROL

PLAN OF FOUNDATION EXPLORATION

IN 56 SHEETS

U. S. ENGINEER OFFICE, BOSTON, MASS. JULY, 1946

BENNINGTON DAM
CONTOOCOOK RIVER

SHEET nNO.5 SCALE A5 SHOWH

e re [T e A

CHARACYER

.r

REVISIONS

O Shewnee [BF  [FLENO. MI19-52/]

PLATE A~5



CORPS OF ENGINEERS, U. 5. ARMY

D2 D3 -4 D-5 D-€ D-7 D-t
o0 6826 00 6750 00 70 0o 750 e 6730 g0 : 687 0o 95/ ge
15 Sendy TOPSOL é&gJ%qJ:: Sandy TOPSVL GHETIN 0.5 iohty organic FOPSON. B FLig ToPsoiL &7 LG Sendy TORSOIL | 2Tz rorsor coegt a3 FOPSOIL
49 Sronn loase cobesiantess, fine crze it} 2o Grown, faase, colesiontess, 720 AG ey, semi-compsct Eehesioniess, i P B p AEErOnies Lo Browr, iose, cohesiones.s, onfonm
My SAND L0 - oarse fo fine sity SAND cosrse tofine, gravally SAND Brown, compac? cobedioniess il ,a,a,_"’}n”,ﬁj:;o; (i S TN WE9 medhium PaFine SAND
i [ﬁcawdwfer, P Aug 1942) ) Light browe, faase, cobesiontess, grovalle SAND i ee7| | a ” e8| 8¢ Grovndwater, 26 March. /595 ]
6635 (32 /15 Light brown, semi-compact, 7 Lromn. Joose, cohesiankss #re SAND, EEI 21100 B V| e brown soose coresiantess,
cohesioniess vifornr samdy - Brown, compsct cobesioniess N AR grovelly SANGD
ST comtaining cobbles snd Vs case|. | s &5 7a Al sith SANO(Saly TILL) 83 .
compacy cobesive peor H o A5 5 31— i 3 Brown, comewct cohesionless
00, gravelly ond' sitty SANG . Brown, compoc f cohesine coorse T Brown, loose, cobasioniess, . T cogrse fa fiae SANG(Sendy TILL)
THL) Brown, loose, oagre?/wxe:s. ; Yo fime, grarelly ond sifty SAND codrse fo fure SANED Gy, very compact Cohesive " Gravelly sty SANG
wniform coarse SILTwith codrse o W app (sitty TiLL) Brown, ; - cowrse fo Find, grevelly o s 2EC
ot 7 nd layers. == I, lose, Lohesionl/ess, L > o /e 4
ing silty 58 & gravelly SAND 880 | 2z0 sy SANG, (siity THL)
; i . Gray, very compact shighth Bow/der dritied from £ G35/ OGSy, COMDITE & ONESAVIELS,
X Gry, compacy Codesronioss, cosrse o0 " ED Brown, compact cab:.sm/_ess cohesive, pravells silty o G54 G fo f;‘@e ity SAND
caolll |26 Fo Fine, gravell and sifty SANG _ mﬁg 93;’&:";&/2-@{/0; s:ﬁ'rylL 0 SAND(sifrg TLL) Bowlder arifled from
80| 1346 Wy oy
H Griy, very compact cobesive, b WS hdse i FLGGS] to £l 6631
) Poorly graded qravelly and 1
SEZGENNIO0 o, GAND fsty TILL) - o  s7aollv 0 ! 4 - conesianie
_;_;?nyfommc),‘ Flphtly cohesive éazy ) ‘ 25 7)e 210 ~ cg::-:?/; i 5’_/’;0 -"’g" =5,
Light brown, very compect s g i T, i
Shghtly cohesive, gravelsy (Cecasionsl cabbic snd boudder) AL srown £ cobesiam : i 223 LG8 P .
and 3rity SAND, (Sondy TiLL) ' . I A CONOIGT, COBESRUNESS L s POREHYRITIC GRANITE wiith ¥ i::;} c_?_;np;_c. Shgtly cohe sive
- | g Browngray, very compact Ko shaltow weathéred sorfzes. e284|{11sT0 b ST
G457 ] &9 | COLESIOMESS, STy SAND kel
- N a7 | a3 A;fgﬂ‘gw Flow encountpred e P p——
iz “ K¢ . - &F EL GI7TS8 H i ) . Oy, very compes .
iﬁiifﬁaizé?ﬁii’f?gf’ T PORPRYRITIC GRANITE : enzlvamo cohesive coarse fo fine
i )/.,\ Fractored ond weathered i Rock core recovery 862 ? SAND, (sify TILLL
Bouldear aritied Ffrom £ 5970 \:\\/\ olong joinls i § Bolder drified from £l 6218
fo £1593.0 i ' Decompasad GRANITE i i 5 fo £ 6264,
' s3a71 A 03 . gocelli)ses s08: "W az0
EELFAN G E ]S Rock core recovery #48 i Decomposed ROCK
| sazeiilozs
SEI7 (e APT i WO rock Corg recovered
Rock core recorery /03 ! Qbservatfion well insfalled
i
D-9 D-11 2 D-13 D-14 '3 D
- - - -5 D-16 '
s ao 677 2.0 6892 4go A3/ [ 676 o0a
. o PR : — . e — " 4 . &7, QAQ_(Grovndwoler 2ty /9AL,
eI eseson, e Jrganic TORPSOIL STITRTR LD Sandy TOLSOIL CLEZTN LG Highly orpanic TOPSOIL EFTLEXTE Highiy argevic TOPSOIL SRETLT mighty argamic TOPSOL & T0LS0k NN ToRe0r (faadd
G624} . | 40 Brovn doase, corasionkess, FOUIOWS LS o Sung IDEE) H 14 Redbish brown, compach Dark brows, lgose, cabiesionless, csiol | £& B o £ cohesionos S Grovndwster; 242y 19448) i Dark brovr, & # coesioning
e “m, fine grovelly SAND | Brownloose, conesionless oniferm { |comesioniess, fine, ;JYéV meddiom 1o fire highly Orgeni 3 o e s 57 | | L2 Brown -gray, loose,carasin/ess, g gy ;.,)f__”‘g.fb, e,
Bromn o ¢ coesiontess,  csza| | g o0 1o fine SANG, anat_siphtly aroanic SAND. Sans i it ; fire, Si{7y, orpanic Shained SAND SESEUNN RO 0l Caniy ’
Conrse fofine gravelly SAND T €392 /00, . . 3 Graay: compoct Shghily 6714|1|| 100 Bronn-gray, compack shightsy 2% Gy Gompact cobesionis
i R - Gy, compact. colasionless, i Brown, Joose, cohasionless, cobesive, grovelh SILT ; cabesive SILT EREEY 1.6 ’ waCh i
&7t Gray, compoch stightly cobesive SPREEYH 4 conren fo fime provelly SANE k Fine ity SAND esza §ER \GrEvelly, silly 54/\/5'
Grisy, boose, cohesioniess, Fire carrse o find, graveslpand ity : 226|319 . ;o Gy, oS, COREFININES,
N sifly SAND . SANG (sitty TILL). Encountered A1 z Lrown, Semi- compact sighlly a5 ) wnitarm, fine sifty SAND.
}- bowider from EL 668.3 fo £166E.T G476 |11 2a0 2_ o ;s/v%vz/#:/ iy SAND LS /188 : i ]
T ’ gy : Griay; very compact shghti 4 i Semi-compait mi "g}
i €595 1 236 : colesive, poorly qredad, ik F 1 ally silly SANGY; Tx
Gray, vary compach shghtly  CEO2| L] 270 S3r7 Wik 420 _ ' gravally, sitly SAND(he TiLL) Oriy; compact Siphly cofresing
cohesive, coarse fo fire, 5 R 3P Brown, compact, cohesionless, i i gremelle sify SAND(Ritty TRLL}
grevally, sinty SAND(siy TILL) casrse fo fine, gravelly SANG Gray: very compact shightly Pl ; compsct ol SRAELINIC0 with boviders.
- 5. il Conesine, gravelly sty P
. I - Sae gravell iy ; SAn Loy LT 5 .
] 175 L -
gz pg-;)’r fcymgr ;;:d sf;_o;_ dv;; ﬁ;ﬂ;%m : Nest of cobbles From QE Groy, compact stiphtly cobesive, 43615 350 N FPORPHYRITIC GRANITE natsh
] SAND ‘with momcrows cobbles : FLGIE2 fo Lrotaz S grvelly, silfy SANOGY TiL) I o shatlon westherad surface.
eszeliftlaas i Csitty TILL) ) Brown, loose cobesionless, [ EF ¥
2 5 ?w& fradfa'% ga.sr.se fo F &zs2) 2N yes
. [ Gne silfy S, 2 L G 560 . =
Bm/:;o_‘;;m ?Afi:vsorm/ess, e coarl | g1 5 ! — : L Gray, loase, cobesioniess, Rock core recovery 73X
28 - - eoszA¥iezo » i i i o ; T codrse FoFine SAND .
e % X goackihl gz i ‘
Gray, compact, cohesranless, - b E0LZ[ 680 Brown, foos, s P ! b
Fing silty SAND il 5 = -] e A ﬁ;,!c;ﬁg’*“- iz& s, ):‘o:‘ Disinfegroted ROCK .
622z 119540 Greng very compach Sl H E} DORPHYRITIE GRANITE "_‘\_‘: PAROHYRITIC GRANITE with :\r ‘,\; :::ﬁ . 1776
% % % Y o L5, :
sulllia Spim et s s 35 estiered suece | cocomverme comare ‘
r_dve/?a, Sty SANDG soaz| B 770 [ Y o PORPHYRITIC GRANITE 3232054 M4 POREHYRITIC GRAMITE with
Sty L) T Rock care recavery W2 R sare|Vlgoe T)\ N rock core recovered 2hallon westhared surface.
Fiyparostatic pead £168R0 sea7x a0 Pock core recovery S2% iy :
£ty 1944 Rock core recovery 281 Troshtic head B GFES f9esrv|gae
f&dras&aﬁlcfm ELLTRO By /944 18 ly 1942 Rock core racovery i1 o
s—— Observation well installed Rock core recorery /7%
o7 D-i& D-19 0-20 LEGEND !
Q0 £718 2o &iz2 00 6738 ag. - |
hid Egﬁ:,‘am . - - 4 hesront F A 88 Orgarnic motber snd TOPSOIL rm TOPSO/L 2.9 .
Srown campect CoNESRNIESS, rons, lonse, Cobasiotiess, Browr, compack cotesionless, 143 Brown, loose, cohesionisss, :
izf::d?; % Grovelly; orgame, AT 1B finE, Sitly SAND €74é | _»-ﬁ‘-f‘é cosrse mﬂﬁe, Sy SN, R FOrT, 1‘7.'5\:,J silfy SIANQ * TorsolL Grownd wa‘:er ( dore] NOTES:
& .
2 Grey, 2 5 20 G 4 cobasionle. Growsn-grety; Gompcs,; coar|||} g (Crovmdnores 1 dug 1944 FiLL Decomposed rock The dls confained haraon are nol ffenied o5
i By, COmpacy SEGH caleive, E A, COTORC], CONESIONIESS, Calpic 4 7 £ s .. - FEPrESERIBIIOns O Warrdnlics but dre Forvashed
w713 g0 Fe ity SAm 370\ d ki o gravelly sitfy SAND Garh s cohgsroniess, gravedly SAND | r(*j Cgr,;_‘f,; kg:,";%ﬁ:z,’ ‘S%VZ? GRAVEL N} Disintegroted rock for informetion aale. [t 5 exprasshy wunslersiood
2L Byt . s 38614453 ’ ) . Wt the Gavernment will nof he respoadidke fir
1 Gray compsct sipnty conasive [ Gray, compact stightly cohesive, 1 b i SANG GRANITE | Ay TECEor, PIeraralation or conckenen el
i gasvelly, -"7")" NOf ety TH L gravelly silfty SANG Gty TILL) 18 . 1 GNEISS e By 03y It O cArtrIClor
] ' . Le Gy, compact Shghlly cobesive, Jr N | R focation oF oiridl oles ses Sheet No. 5
kie T Coeree Jo Fing, @ravelly, sih bt
sz bl g2 susliiizo T 1 sano sty Ti) ke 1] cLaY SCHIST
H -'., Gy € 2 siipbly cobes & " P s zhthi 3s.0 . ! [ com:g_aaf Sty ta&e-j-'m 3)2 COBBLES QUARTZITE
- Yy, COMPS] SEQEN Cobesrig, T IOOSE, EOPRIINMESS, frhE i Gny, DT S LA CohEs e coase Jo g, gravelly, silty . .
W] et s frae sty Sanp. AR ST N | D ciiconicrs Skt SaND G T () 20ULDER (showing type of rock)
il - 4 5 . i er drefiad from £ Gl 3
380 . LE; Gy campoch SEQHTly cohesive, o F/LL
- |||~ _ cxa [l gay Tt commst sty corees Y IpAY i) o _ MERRIMACK VALELEY FLOOD CONTROL
iy 4 rﬂamva/;y 544/55“‘9"_ i Brows, comasel cohesiaiess, ‘ Lsdm{;//fy FiLL) . A (5T indreates bresk in confinuity of depth scale . BENNINGTON DAM
T dder drstied fram £FG38.¢ e cosrse fofne gravielly SANG  G2I8|: 1| 294 Brown very ra?v”.ftrt w/;f'ﬂaffbv' it CONTQOCOCK RIVER
cz27|: | 290 fo Ft 636t &z i il ssa a2z -%ﬂﬁw”"f}éﬁ%j@ : by Frgure on lett indicstes Elevation above Meon Sea Level. RECORD OF FOUNDATION
: ; ; g : fght indicsot . o
Grang compack Conesiominss, zng/:, m;,ab;; :/Z;f‘f%fcgfg sz22Vi 550 \fine sendy SILT - egarllilers ) ) e £ e ;;i_mjf’d'w e depth from surface c-'eva)‘:o:_}-; ot EXPLORATION NO. 1
FrEvell, sy SANG gravelly sy s 1 Gray, ¢ ompach Siphly cabesive, 2 Grety, /00Sa, CObESIQnlars, medivn ime of exp
7 sz i ; %f"of’?//ﬁ from £l 6ol gagulllssz arse foﬁhj’. gravelly, sivsive ), o Fine, grovely, sy SANL INSE SHEETS SHEET Ho. 8 SCALE AS SHOWN
w22 [ 295 G camppet stightly, conesive Pk s S S g s S ; Arfesisn Flow oncountared U. S, ENGINEER OFFICE. BOSTON. MASS. JULY 1946
; 3 | Gray, Compach, SHghtly copesive, beton i GOG.L - pr——— y
728 rovelly, Sitly SAND(sily TiLk) 728 ¢ & £ sla7 ’\,\( co‘?f—se 1o Fing sjvd/}:':“f.crwj'm 2978|814 76 Seiow & APPROVAL RECOMMENCED
’ Brows, compec] shghtly cobasive ?“\ decomposed rock fagments. ] : - (fae =
: l 5 TG X AR e
e Por, fine sty SAND i it orated ROC Y POROHYRITIC GRANITE 2 , : y
Disin » E 15t e et e K [ Disintegrated ROCK ; \
egroted ROCK GO0 722 . :
5937 (] S8.E s333lcd 880 o roci recaveras. Rack cere recovery 7% a2 N : —
. 0 rock core recorered. 2 i e ar -
4 No rock core recoverss O e et Nt Fock ¢ore récoversd LS ""'""""I';I Ty oATE S BY L SR o own, ™ i FILENO. M9 5_2//2

PLATE A-6



WAR DEPARTMENT

CORPS OF ENGINEERS, U. 5. ARMY

6787

D-21

0.¢
BT eRs0L
” N

Red-Lrown. corrsact.
6.8 CHhasionless, padriy arided.
- graveliy SAND with
few cobbles.

Brawen,compqel,conesionicss,
coorse fo ¥ine, grovelly,
SHfy SAND. (sundy TILL)

S5
Groy-rown. contpacl
198 cohesiontess, mediom fo fine
st graveny sitty SAND.
i, Brawn-grog. compach,
- cchesiprlass, coorse fo

¢res

6345

Lt rine, gravelly, silty SAND.
s 492 (sondy WU.f
=
B
oy PORPHYRITIC GRAMITE
\’:‘ -
{I ~
T g2

Rock core recovery 407

Brown, groy, focse,
cohesionless, medivm
o Fine SAND.

838.0 [

ESXE[— 1@ Organic matter ond TOFSOIL
L Raj-Brown, [ire,

Cohesinnless, fi . orgonic

‘
i 78, ctoined SAND.

Browes, Compact Sy
cohesne, Coarse 1o fine,
gravelly.sithy SAND.(sitty TIL).
{Sroundwater, 74ug. 1944].

Brewn. foosea. cohesion/ess.
uniform, fine, sity SAND.

Groy, compoch cohesionless,
Firve, silty SAND.

Brown, very compoact,
stightly cokesive, coarse to
i rine, gravelly, silty SAND

& ﬁl’sfﬂy TiLL)
1 Brown-groy, very compact,
248 cahasioniels, coarse fa
e, siity SAND.

PORPHYRITIC GRANITE
¢ro.2b=l 878 '

Rock core recovery 657

C-3
7031 0.¢
TZITRG.E TOPSOIL
i Erown-groy, compacy,
cohesionless medium Fo
rine SAND.
9.0

Srgy, compact, cohesioniess,
medivr o Fine, silty SAND.

§8730

1 458

Da3
§708 00
ERIS [ HD0 Gravel maad FILL ind boufder s,
SETAF=HE.8 Organic matter ond TGRSO

. Brawn Jooce, coheSioniens,
Do grovally SAND with fapers
of sitty SAND.

175

Brown-gray. very compact,
Shghtly cohesive, coorse fo
fine, grovelly, sifl u SAND.

i Siity TILL).

Boylder cirilied from
£LE44.3 to EL643T.

PORPHYRITIC GRAMITE

724
Rock core recovery 957

e.¢
STt = Tgp
Y =P

medivm o fine, silty SAND.
9.0

Gray, compuoct, cohesionless,
gravelly, Sitly SAND.

207

Gray, very compact. slightly
cohesive , grovelly, sitty SAND.
(sitty TILLS.

¥ Red-brawn, loose, cohesjonless.

0-£5
6687 0.0
S873, /4 TGRs0IL
) Rrown jaose, cnhesioniess,
- wniform, medium fo fing
6505_ Az SAND
' Brown, compact. ceResioiess.
coarsg fofine grovelly
. s4.2_silty SAND.

Brenn, f000e, coharionirss.
areveliy CAND,

£525 "

Gray, compact, slightty
colesive, graveily, Sifty
SAND [siffu TIL)

Brovwe-gray, cony ot
coftesionless, coxnge 1o fine,

tlyg, Silteg SAND. Tii!
gravelly ity SAND P HTRL c194 4F 203
_"’_ PIARPHYRITIC GRANITE with
":‘, FAGHIGwe wweothered Surfgce
!:",3!
5 hosi e
- rOU L COMPUCF, cohesionless, N
: 6247, 0f 440
T rerie, sandy SILT. Rock core recavery T
608
Gray.comprct cohesiontess
course 1o 1ine sty SAND.
so00]
- FORPHYRITIC GRANITE with
- shollow wecrhered surfoce
90407 1032
Rock core recovery 207
D32 D33
8684 o.2 6927 0.0
TGRSO EEQQH—Qé— YorsoNn.

ecivm fo fine, sifty SAND.
Browe, slightly compact,

Grdy-brows, lgose. cOheSIMIess.
2 COheSILNleSS, grove iy, siy SAND .

course 1o fing SAND.
Gray, campact, slightly £781
colegive, gravelly, Falfe iy
SAND wilh strecks of fine
Sity sond [sitty TILL]

28
& Gray, foose, slightly conesive
stratified sandy JILT with

G227 A 200 oc cosiongl grover.

A ;
Gray.compact, cahesionless. coorse fo fine gravelly,

Gray-browen, Ioose, Cobsiontess,

S R

D2k :
6877 &0
!';6_6,_3'-514 0 Graves rond FILL i
esspfl Ve FoRsoL 4
) Brown. foose , cobegionless.
sg e Wity oruonic, Stairda
* wAnp 1
= Hrown-groy, compact, |
. CoReSIoNess. grovelly sity,
6512 i 165 SAND (sondy THLE) i
$4992 BT Groy, compact, cohesionless,
1 lcoorse jo fine, $iffy SAND.
saagllidig Groy, rery compact, cohesioniess,
lﬁnegandg ST .
Gray. very compoct, corelion fess,
s coarse fo#ine, grovelly SANG
%4 i

6589

]

-

PR LTI,

PORLHYPAITIC GRAMITE |

Fat e,

<

A

Ee~] #93. ;
Rack core recovery 167
Qbsarvofion welf instolied

e

D34 ‘
782 o0
g TOPSONL

LE
Gray, loose, cohesipniess,
gp 97 velly SAND.

7092| -
022'7_
i
|

Gray, foose, cohc:fanfess}:
mrediym 10 fing, sifty SAND.

D27 D2s
8782 0o ge89 e
8772 40 TOPSDI 663305 ~ FoAsoiL .
Browwn. {oos®. cohegionless, H Brown, foose, cohesionless,
coarse fo fine, grovelly. silty, s6 H 7.0 medium fo fi1e, organic,

$702| | 8.0 _orgonic, staindd SAND.

829

22D conesivnless, graveity.sitty SAND.

- sremed SAND.

) 1.4 Brag.compact colesioniess,

‘coprg @ fo fine,grovesly SAND.

Groy. compach. cobesioniess, .
S

§57.5,

Gray, Semi-compach
cahesSioniess, Iine silfy SAND.

212 Brown, very comgect
!l coheSiontoss. grovelly, siity
SAND. [sondy TILL). )
Groy.very compact, sligntfy

cobesive. grovelly Sify SAND
{seity THLLL
347

250 Gray-browsh lovse, cobesionless,

SR graveally SAND.
%rawn.:emr’-compoc!.

i compoct.cohesioniess,

Gray, !
vniform, Fine sitty SAMD PORPHYVRITIC GRAMITE

$83,

Rock core recovery ST

Gray, very COMPIcT, cobesioniess,

medivm fo tine sandy ST,
780
D-36
0.0 £73.3 9.0
7.0 TOPIOIL S229 FNeL _TOPSO/L

Brown, compact, cehesioniess.
8.0 gravelly $AND.

Brown, lpose, colesionless,
9.0 medium 1o fine SAND.

/56

=
20grebeiy ity AND

Brown-groy, compact,
cohesionless.gr aveb"y.
sitty SAND. {sandy TILL).

4 178

Gray.compact cohesioniess,
gravelly SAND.

SOMPACT, cohesioniess,

Gray, compact, slightly
cohesive. gravally, sity
SAND. {silty Tfuf

Groy.very compocy,slightly

; o ; 18 " )
g Boulder drilfed from grovelty, sitty SAND. $iltg SAND. 59 cohesive, gravelly siffy
Brewn, compact, cohesion/ess, e 35 0&655'/ o 6354 £527 L350 - SAND. (siify T ﬂ-ﬂ 33
cqor.t‘& R?Dr‘rhe. grovelly, i 374 E Gray, campact, copesionless, Brown, compact. colesioniess,
) 4 |, ~| = 3 . 7] 3 N
Y \ AN PORPHYRITIC GRANITE \,:‘ 382 Gray. campact, cahesioniess. . medivm 1o fine, sifty SAND. grovelly, sify SANG. Brown,very compoct,
: so5s % a50 '“‘ 4 gravelly, ity SANGsongy TILL 43 cotesioniess, grovelly
. .. = 3. . £ g SAND. 7 A
Gray, very compact, sHghtls Rock core recovery 3I% [N : 243 Sifty {sendy TiLL].
: cohesive, medivin to Fire SILT i~ POREHRITIC GRANITE . ; e ! X
, - 2 Qe i8Iy COMpPact Cohesioniess, onié - i )
- y{ with0.7" weothered surfoce woarse fo ine, grovelly, f;,;"’ ;;gpéx‘bcohea‘wnfesa PORPHYRITIC GRANITE 4253 o £00
! vy Silty SAND. ' ) Bodly weathered ro £1.635.0 gt
Gray. compoch cohesionless, i i(. . f
medivm Fo rine SILT. . 2 57 ! L
o i e | Rack care recavery 4 % ] o FPORPHYRITIC GRANITE
! ] . Rock core recovery 528 LV
s22./111) 8¢ - oo Gray. compach, slightly cohesive, 4
Gray,compact, cohesioniess, redivm 1o fine SILT
RE medivm 0 fing, sifty S4ND. i Rock core recavery §0 X
67T if G54 . £2431411 239 ] o & 5
S9/.3 885 &Q ﬁ T Dark-gray, compach.siightly ; Mrz.r‘rgn F}'aw encountered
cobesive, mediom 1o FneSiLl of ££602.0,
D-37 D38 P39 -40 i
g o0 6.0 R £765 o0 ‘ ”O;f; . rorned f + infended
22 = ronsoi 5 B o g TORSOIL pedang =S FoPsOIL pa- L i ¢ dolg confoined hereon are ot infended a3
S Red-brown, loose, cohesioniess, 8 " 5 Red, lecse.cohesioniess. hT Brawn, foose, cohesioniess, S255 b': o ;f:ff:;;d,z:’:i’;;m of i ;epr:e\;enluf;ons. DFI wor._mnfze.r bt.::‘ ar}e,d r?zr;:sf&t?d
2 7 - ™ grovelly SAND and ergonic £88¢ 1188 medivm to £ it 3 e . . ; y ; or informaltion only. if is expressly undersieo
”;:f;‘;? .;“Z ’gge organic Taried £ $88Q N IEE rnadivm to fine, silty SAND. 8705\""1 6.0 grovelty SAND with erganic ;. that the Bavernment will not be rasporsible for
6624 Loii] 9.5 \[Groundwater, 30Aug 19¢4) {Groundwarer, 13 Aug.r94.5). metter aad cobbles . anyddebducffofz gglerpretohen, or, conclusion theretrom
: X e " Groy, £ cohesi ; made by ony bidder or contractor
“66"6' ,igg 6::% :fj”ﬁ,:zb cg:gl.:‘n/e&s‘. .Srowg, co;?p;i’}‘fg?esjg'nf;;ﬁj 4 Zy;,;-’v”ﬁ‘;vgo esionless, ﬁ:’x@%ﬁf& ;ﬁg’#yﬁof@fs’”y ! For 1ocotion of grill holes see Sheef Mo. 5 o
11k - - prav ey, St . {5 3 ! . . Y : or aF 212 o
B T Brown, compact, cohesionfess, 8.0 7 o of SAND -cobbies.{sondy TILL} J For fegesscd oF Qraphic Sqmbels see Sheet
i i grovelly.sity SAND 2L 5.0
i .".;:mdﬂ TiLL, 6  stiohis 20 Brown, compach, co?e:imless, '
ik roy, Campact, SHghily === grovelly.sitty SAND.(Sondy T} Sray, <o 1, shightly
¥ Pl &roy, compact, slightly rohesive, gravelly siity SAND. cavg;:’:eo’f’grarﬁm, :r};rs;h.s‘ih'a
Bkl cokesive, groveity, sitty (Voriotle sandy and sity (sitty THLE ).
528 LEE 300 FAND. fsitiy TiLe! o Tt 290
300" E: <
L3nd Groy, very compoct slightly
cohesive, gravelly, Jiiga SAND
- Socasioneleness of fine MERRIMACHK VALLEY FLOOD CONTROL
4 {v/ . ) o
. AL Severely weathersd Bosider dritfed from BENNINGTON DAM
B ! ond fraclvred. EL635.6 fo £1.634.3 CONTQOCCCOK RIVER
s ‘ RECORD OF FOUNDATION
Rock core rccom;sry 55,. ',"’d N EXPLORAT‘ON NO 20
Observation Well wstolied. A ;
606 LN E7S INSESHEETS SHEET MO, 7 SCALE AS SHOWN
U. 5. ENGINEER QFFICE. BOSTON. MASS, JULY, 1946
ARPROVAL RECOMMENDIC APPROVER:
Decomposed ROCH, e : 4 ot
g
svos 622
No rock core recovered. g
Onservation Well instalied. L SHARACTER oatc | wY FILENO. MI9-5 z:/ 3
REVIBIONS :

PLAT_E A-T7




DEPARTMERT
WAR CORPS OF ENGINEERS, U. 5. ARMY
D-41 g-42 D-43 D-44 D-45 0r46,- L D47 D-48
g2 . 20 5792 20 126 0o £738__ 00 6133 5o 7243 8. :
18 GRGANIC MATTER REETIE gRoANi M Gt rorson e 5 PeS g BL 028 o B0 : CEEL g B
R . tese (}«;bfﬁonfe.n;"' AIL, U2 DROANIE MATTER  otoss < CTeTTINAE Mghty organic TOPSOIL :‘;’zﬁrf :f:f— :Mfy ;’Wﬂ"f’“’f"’- 723 {100 mgrty orgomic ropso,  SRLETT[G2. Highty orponic 0PSO GespPBNss Mighiy argancc TOPSIL
ar medmmfbfmefl L, g . ,Me/ AN o : - Sroq krose, comesioniess, 0¢ rowdy, loase robesioniess N 4% 632 b _4\
H “ﬁ : 4 gy e idng Saven Y FANG #nd srpanic | crvestis o furve sttt SA%50 . Brown, fovse, camestonfoss ¢a5.5 |  maadivm tofing o, gamE Grag, ’“’ﬁ-wﬁuﬁ"daﬁm i i 3 Brvwn, Iosse, tohesantess
&ag Grow, foase, aesiontess, g } mediont & fine, sty SANG h_sfmed SAND. courice H'Fine, silhy SAND 1t Brown. glay, semi-Compoct 53T 8-1 Lcoorec i frrre SAND
el Jf{f’rjﬂ”p sExe L [gg' Browr, ijw’tf . y Boolder 'm,ow;,”“g,m - | Braws;, gray, compach 1433 (2] 1 madiyrr fo Fine Xiity SAND. 3 I Grm S -LoRPECE CORO SIS
Sray, o ompocf.s..rghﬂ Z roﬁ-o.r;;h/f.r; gf’nﬂw LI T RLIZEN 4 £7 5628 fo &1 €62.8 H ghg;?‘gi_ z‘:' z””y SANG T Grag Wpad mbexmn fers, . ¥ . 1 m:z': rurer T Fing, 3itty FAND. *
ohagive, oravelly ity el (174 5.0 2 783 9""”!1 Goy, Cormpaet comesianksy,
SEND.(3Hry TR i ancy Til. oLl , -_../ :
@22 Mg ey Jy Y Groy, compact shghtly %’:’;’,’;""?’ /;:';'ﬁ:‘;z:v:;:;lzﬁ resatiehas rPe: brown, Compact _ cszollimo gravelly ity SAND,
“tohesive graveidy stify SAND 656,37 o’ ors s ”;:’::,3"- cosrie o dne  ggratitlzos It
WP cobbles Ao isgersof °
Brown, compact fohes/oniess, :
frroer Sost Brovy, cotmpact: tiphthy rodasive Browe, gy, compac) Sty v o -
ey, i S oy T4,
(g 7Lt} S elly 3y SAND (g THLE) connsiv geaveity ity Ao graveily ity SANG{IoNdy THL) ey, compoet siignny 5
it ferses on fine .srlfyu p (eﬂr:lf; yamfl y .mf AR
5,:1,,, ,MF,,,"_',,,,,,”,J oo ity 706 é'sym Tmp;cfﬁi,n:wm;w J-‘f o 4 fr
Tk g d.i“’”y : Basider oHitied e ot 2 Sty 2
/Jf( o J"’?ﬂ ] [ L PR A £LELXS P 2LE22. 4 Gray, compact shyhtiy cobasive, ; i
¥ #o ruvovery. gravelly Sith ' SAKD mM cobbirs, F
(silty FILL
§230 & T of Rack ’ 430l s00
Z PORPHYRITIC GRANITE
v | Ang micacoous PUARTZITE [
- 4 corfs : FPORPWYRITIC SRANITE c2zilli«es
G L3 Top of Rock Lad
&‘i’] Corw fregmental : : FORCHYRITIC GRANITE 1
i 3 with &4 cappingorf
€22 8.0 7op of Rock. decomposition,

§124
T Rock poee recovery O.09%

Lisintegrated ROLK

£05.;
No rock eore recoversd
imrratian well inslaticd

Highly orgear TOPSOIL.

bservation well wstalied

.&-’oc»'r care recovery PS5 e
Dpsareation welf 1nsiolied

F

D-54

I3

“Rack core recovery #0°%

O Mgy wrpomic FOPSOIL 24 O ; ; & 3 2 ,_%Q,_
. goric TOPSOI, Mrghly drganic YOPSHE. 558 1.1 Hogr; srgome TOPSNE 7.4 [ Highly srpanic TOPIOIL.
m.?;w ﬁ?:zmb”, v, mmm 20 Srow, Aﬂ:eﬂ (ué;ﬁgln:’ £ Ef’aiﬂf/ﬂd:" :;nf;mnle.f: < > 3:.{:,, i~ nf,,w;pf cohesoniess, e '91;{ é:;zzm .tét, 32'"“;,,7:"”"
e PR, Liniiteid ~penG i b fine b i o o vt 5;/.#/ SANL 7. mediom o PP - d Ao fime SANEL
o SNE ) oA g rana ffﬂf ar;tm: mdf.ﬂ:“k” c =$;e:f;;fghmamc ?5 9, dﬂgy JALL) €243 1 ﬂw FAang i AL, mediem B
_mv Brvwrry, /o053 CoPes) A Baulders . - .
’-;7»', 2itly SAND, Brow™- :r #y, fcose, eakesieniless, § medium & fine, sitty SAND. { sy, ;m,:n;:::,,of:e“ Grovy, compnet, shohtly cobesive f;::a%‘;ﬁ 5:::};:-(’ mﬁ:fngﬂﬁa 3 _;-' (
Loy oy s Sirm, $s1fy SANE ~ Sroy mamymm; | groveriy SAND with codbies Grovelly, Sty SANO(5y TILL) gravelly, sitty SAND. - el FAND
iy, preveily, PN ] ¥ 1 ‘ HE2
sl A cobices. . Lead do éerslHima F Gray, dscre, copeavni
Wi, campac 28 = N % o
. . R ££8, cohesian! ’rf.r grovelly, Sty SAND L e & fins, iy JANE.
gty whesiy {sandy Tiel] U Gy Lghty : Srown, s, ecohesionless
Hy ) My compaet, s Bewider dnlkdr‘mm 1 Qrdvelly, .ﬂ@ Jﬁﬂﬂwlﬂ-fager: Woavse o Prre SANE, il o] s
P6SC5 OB 6555 foamegs Sl Erc0 8 to £ i6a0 W et a1 : By e,
A % il -
;ﬁ‘fg Sompett ﬁ'g;” g hy 7H eszsidll zox e BT D656 wBETAT
Sy T -
Geay, campuct, slightly
Ay, m coltvienieis conarive, gravelfy, stihy SAND
M.-w JANC ‘wuih VOriadie lagers of
_ Sithy Fand gnd it ! -
Coervetion Aw! jnsialicd (asdty T ‘ -
FiTx4 : !
<30 Decompored ROCK
5 VNG rack core recarenzd \
|
i B
i
59 D-60
Tos s o
TOPSOIL ORIV Brof:;;”:”a x5 jlax g,’ anic TOPLOIL, NOTES:
g Tord Pl A7 " Brow foose cohedseniesy i dole et fareor # intundiad o3
Mmm CORIa o At 4
Gapy, Roors m#;_;&bag Browes kose, cohesanless, cobd/is onroniergd Mediia o e prponic, rEPIESENfOIIONS OF WArrontias butare Furnished
1o Zine SAND. ] e o SAND. for informalion only. !t i5 exprenly vrdarsiooy
i tirad the Saverarmant will not be respons/hle for
i Crig SHCUELION, Interprarorian I Cancliion tharsfrom
Bray, foask, cohesionksss, i mpds by ony biddar Or conkrictes
’gmnifq SAND wit For :"acoﬂ.w- of dritt ﬂz!u xea J'Aa?f o 5
Srwe, o v (DB, for legend of grapfnc symibels ses Skhoel Ne.©
;vﬂ! ;’g' Mﬂz m;b ’ypnf@;:g nmnku iy, campdc], Shiohtly cohesin,
lenses of Fing, siffy sond. ravally, siity SAND, (3iky THL)
creflae
Grdy, VY CompIT, '
m;;.rmnk.r_r proveliy .
> n -
MERRIMACK VALLEY FLOOD CONTROL
Bronn, prdg SET-CIIPCE 224 BENMINGTON DAM
m,&ﬂmcﬁ'umh Geay, foytdﬂ?ﬂ’f’ CONTOOCOOK RIVER
. : coharioniess cravelly
ey, coumprc, cnesinless R Ao ¢ fncty Thet) RECORD OF FOUNDATION
E wredivn & fine, My SRHA .8 LY cH
ObssemeNion KEH insaited. P41 0.0 Decomposed Rack. EXPLORATION NO. 3
No rock core recovened IN 56 SHEETS SHEET HOL 8. SCALE. AL SHOWN "
U, 5. ENGINEER OFFICE. BOSTON, BASS. JULY, 1948
APPROVAL RECOMMEIINGS - mqm:Z
NN e —-—%&f
PR F—
o - T
y o] T cxu.u:ml varc | av mw FICE O, M’g"sM ]
: REYIRIOND. L

PLATE A-8



N

WAR DEPARTMENT

A

o

e

S U v

Choy@tie,

Cx

HEYELT GO T
S maly

fherTa al fop

&£ LErY TCrsadTy SO
svelt i shatios

Brows, loase, mediyim
Yo fine SAND with fayer
of gruve,

4540

G2 O TERrs. 2
& oA,
SR

P, Groy

[Sevig TILL)}

YEITIC SEANIIE
wanthering

renE seriony

Fod core rocprrry 2%
Dl bty yepid inEhaiedt

9
A G Oreonic TOPSOIL
B, seme-comp!
cotmsionless, gravely,
LB Silty SAND Dencly THL}
|

Erawyst- Gy, ¢ o ysus ]
Slightly cobasive,

T ralig, Si g SAND
WG SirmakE oF iy
Fara {Siiry TIEL)

YT NG ECANITTE
creprs Sefiat

0-80

€708, 2.0

SHELL I 2e8 Lotlerm ot TESp

cQmeae Y sIg A Yy
e fone Sy
JAMLD v th b b les and
soeaarmnal sondstrenks
(Sl THL)

Codrye gridined
POCPHY RITIC GRANITE

D Fin grofned gronite

- From Ldey: GV 1o Sher: 6134
rock TERe BeiNs Shight
mm JSAPiry

Kock core recovery iS5 %

CORPS OF ENGINEERS, U. 5. APRMY

fefic head L2 odore grovnd
A 45

o Aug.

ODSEriBiiorn well instolled

NOTES:

! ; i
C-6i D52 D64 B-85 D-66 D-67 D-88
“RE . a2 ii: ) e 00 3.2 - ) 3 A <17 74 20
T Brover, arg, fonsa, i&ﬁﬁ‘% TomsoIL - Tarsors aniess, oz mesolt eonER e Yrosson ‘me 10 Highty organia rorson  SECTETLE Orgoma TOPSOL. %ﬂfﬁﬁ rersen
A=/ i veh . foose, L PR, oot cov e R - i Yromn-gray, fouse, o 21 - : lrar s, serni-conmy, g ;
£352] 57 v B e .b:s,;_.na@gf L B %mﬁﬁ L i Fofimk, pxivy SEND [r423 . ‘;"] caﬁcs/ﬂﬁ.‘c?&. variodhle, ir fl é'f‘?;;;m’ /‘”3;. - 422{{ N !ﬂ_ o YO P SAND r
. : KN "% Grans 3 LR ovelly, 3ilty SAND : ORESIQAESE, I N Lrowe, compoct colbesionsess
S, £ Dng ), 318 &332 ..'J.‘i(.Z- TS5 e, Coleadon/oss, | Brown- groy, foose; wer oo foftne ailny SANS Firre ity SAND
Zofa Sira. gearniis 3T v Groy. vary compacs ik grovesly, ity JAHD 1 coPESIEnlzss, medier 1 ; A Bouldter drifled From Brovs, Lompees, ¢ rewii,
JAMD (3iiry YIER} Al oMo iags grersiiy SAND i3 70 fire, $ilte SAND k i WOBL 1 IB0 e to Lt CCRd . g o,
e Yy s E ‘g s i el d Browen, compaeidatesion- . Jﬁg;;f&”ﬁ Witk nornarows
: T Do, sy aorype p " . | # ety arite SAN cesbies
H“g mgu/n"/:” orawet Gray, very compaz] Sighily Gray, Joose cokesioniess, l I (;;‘2 9@;71 Z""’ fer SAND Sroy compoct.3tightly
Fifos & s vy o Cohaxiat, groneik, My T PO Fine, 350y SAND ] :
LB ritre EAND SanD (e L ol Bouldars ancovntfrred ar CONCSIven, Qrovelly, silty
! i — i (4 BRI 230 FLGERT i SAND wiih logirs of
5 :d—q}iygz?.gwad@, 3ty w378 . B Grag, campact sHQhily | fine sond (3ilty TiL)
. eSAED (sordy TH) codblea CopesiveE, groveliy, 3ilty i
dEa : SAND (3iity TH L) :
G380 F SoC Sray, campachsioAYy
cobetive, groveliy, silty
: JAND with lspaes of
Froy, cam, ﬂ cef cobesionless, Jomiinated Sl 3ty TILL) Decompnsad ROCK
Provaliy, ity SAND i -
! M L -
. i
el es - ek
e Gy, cOmpoch Conesioniess, ﬂ"’“’"} COmPIL Coletianiess,
GHAE IS8T fina, SHy SAND gravelly and silty JAND
-Ddccmpaleo’ RgOoCK PORONVEITIC SRANITE
R EL2 (Mo Fecovery) ) bad/g wacthared to
i £L 33T 8
PORPHYRITIC CRANITE Sodiy
weathered end Frobroved
CHpdrostaric heod ol §
groved level I8 08¢, I1944) Kockcore recovery 28 %
| . Qbsarretion weil insfoliec
£Us i
Lock cors recovery 445 %
Observorion wellinslolied
i
D-69 D-70 D7 D-72 D-73 D-74 D-75
o ge ) 972 QA0 i a8 WoS_ A0, /a2 e pia Al [dx) ; 4Iog o¢
e 5, &Q_ﬁl;ghl m&;‘;‘mﬂ#{. 2. 1525._%-;:4;4& ???:-50!-!- O Orgeaic TOPSOIL EslElzo ffo;; m ram:;;mpso;x. g WX g;}hfy'jfgmizrro.ﬂjoﬂ_ ) pIZIES Y] 5!0;: op‘;_of;‘ browr Soncly FOPSNL
A e oA, [ao8e - L iGN, FOO5E, m, Joose Fine organic [upen i
cobad/oniaxs, inesilty &7 z_k Z __sphasioniless X117y SENG Brosn, Joart, Y, siy JEND P )y X ﬁ'ﬁ, SAKD sl e JA{% ¥ APLTY !} Browngray, ose,
130 SAND f ‘ea 5? ,cimp:}c‘,;:;aaag( L igirt broven, loase,mediom - Ereng- browr), focse fine SANO i fo b SAND
G oy A 20581 | 75 rie SAND 105 i
Grow @il = & VEL: w7 S £E otk REEL 0 ! Brown,compact sanay GRAVEL
Gragrlirovn, compercs mﬂ:’;‘"’“‘rz EMVE :' £ Broawn, GWQWC’:-””Z it dECcamporsd stomn
I r%f;g?i?;;f;m/@ : 50 -rmg',’ :;‘4; ;N” a3l prevelly SANS prom coveionh
27l Sty FiLi} Bross? 910y, Compacs H e L - . 1 oW, FEH- -+ raecks 7, Mf‘ﬂ‘” HIP0I3,
i . aoc't::/h'{;?';‘ FroFCiy, sty ; oy, c"sz;:‘ cotasing 2¥p ;’; ,;;.,: __.,,',’;”;,?;,’5“ “ pravedls 370y SAND (i TiLL)
.sﬁjpfmm Foyers oP s/t 1) in-—%ﬂﬁ m;@ﬁfm‘m sty itk g, very cmmc”,\‘:fl'ghlfy . Jl érey, iwmwgng%mm? 4
¥ O gt Sireoks of. f 5, T - Ry coafresive, gravelly, 3ilfy H qrasnlly, 2310y 13 L4/ L.
e ) (Sanafiy THL) ; iobﬂgl(':;_ ’;67;2// ity E’ SaND Colteg TILL) ! oo o Higl 248 Doffom of TEOL
] - Browrr-groy, loese, H K :
Gray-brown, camrpoct Cobes- . L8517 300 grovelly, sifty SAND oal Casing /. Y PO
. K ) i g jerted 4] YR TIE GRANITE
| G TR sz . Jorted o paemec gevnre
' <. irse 24 :' &76.2) i & ”“wfc""}'”y‘ Fad Groy. cormpect aliohily cohor P Hcaitant bedrock
H (= . 1P, Sondy SEAVEL g FR,Frovalls SHly SAD mik 5
L ota g T2 A Brown, compacy cohesionlsss, X codbles and occasianol sond 25
. gk gravelly, 3ilty SAND AL Slracks (Siity TILL) [-c Lt L &8
a5t GhE Catusal Brown, compoct, s1ghtly | (o TiLl) j ﬂﬁ,- £ ] Lok core recorery P73
£ . '8 P, cclasive, fine gilty SANG 4 () Coansé graimd DArerzorion weil insieting
[i.} ; L4 %ﬂzrﬂﬂc &E-lﬂ;:i
I | N C8 copping of wearberi
i 6L 49.0 . s lsae et fesrbplic sant Aoy ind
_1 Brown, Lompack finas -{1:' ond Frocroread #
2627101530 ity SAND thy Llew GI2D af Foxifory change
3
[72 0108

The Qofo conlainmd baraan ors aa? intens'sd ok
P8 SRIOVICNF Or WArrOniea bud O Fucesirbrad

For Information only. If iz epresxly w10
rhaf the Sowaramen? will nor 5 reugons

LY

e e

Ty N L Hire Pom

maca Oy

For foce?

LiddEr or confrocon

1y SF Irdlf Aofe s sen THEOF Mo X

For-legend of grophic Symbciy See SACE® ADG

1% E¢ SHEETS

MERRIMACK VALLEY 700D CONTROL

BENNINGTON DAM
CONTOOCOOR RIVER

EXPLORATION

IHEEY ND.§

U. 5. ENGINEER OFFICE, BOSTOH, RALS.

RECORD OF FOUNDATION

NG 2
naLs HE IHIWY
R

L,

 — e =
E———— — .
L.~ =

' No rack core recovsred = Epre a— e i O SF [FnENo. Mi19-52/5

PLATE A-9




WAR DEFARTMENT

CORPS OF ENGINEERS, U, S. ARMY

Trig

2.0
=1 2.0 Brown, sandy TOPSOIL
] Light broweywiiform, fine fo
medivm SAND foirly loose
28 Glry.

T59¢

ao
PG TE TOPSON.

" Yeliow- gray, compact.
vaifarm SAND

T66P

o0 R
25 Qrgamc ToPSOIL
Light brown, semi. compact
5 medrum fo fine SAND.
Gray, Semi- compact medium

TAa3r

ae
=5 TOPSOIL
Compact grovelly SAND
L 50 with boulders
5 o Compact SAND and GRAVEL

Te0 P

Cornpacr grovel
unth largé boviders

Gray,varycompact siight
'gmsia"_; praveily, 5%3;
SAKD (Sflfy TLL} wit s

249 bogldlers

T671¢
a.0
a5 Orgamic TORP S0/ L

0.9

£3 Organsc TOPSO. with baulders
Brown fide SaD and SIEY

8 [3.0 withboulders.

i Brown, compsc?, cohesionless

3.7 gravelly, silfy SANG(sendy TitL}
Gray.compack J/;gm“fg
cohesive, gravely, sitfy
& SAND (ity TILL) -

Té2r
0.0 . .
(== Highly organic TOPSOIL
Gray brown /aose coarse
L0 Fo fine SAND

Wafer abandoned.

TEB e
a0

0.2 Organic TOPSOIL
Browsn, loose, fine SAND
L2 with organic material.

iPp ToPsoiL .
Browr, Compac e
3¢ sitty SAND.

: Brown, z‘om-pac),‘.sﬁ';/) F/
cohesive grauef."f silfy, JaN0
conloming cobbles and

boviderifsandy FILL)
¢side of pif shows &:o”
4.5 crameler bavider)
8lye ?ray, semi. compact
| Slightly cobzsive, gra veaf’g
i Sitty SAND roptaining cobbles
6.0 and bovlders (sitty FiLL)

Te3r

0.0
E 0.2 Highty organic TOPSOIL "
Browrt - qralf, 3emi- (ompac.
60 mrcetioy fg fine SAND

8 g Gray, loose SAND & GRAVEL

Refusal
TE9r
aoQ
71| 0.9 organic TOPSOIL
. Light brown, foose medvim

AN 24 toFine, SAND with cobbles.

T57e

ag
R 7o HUMUS and TOPSOIL
553 Brown, cOmpact siffy, SAND
(Bovtders dncotntirad

.0 72 5:des and botiom of pif)

Téar
a0 i
0.5 Highly orgenic ToPSOIL -
Light brown, semi- compact

2.5 mediym Fo fine SAND.
Wwater

Light brown, sem:-campect

T58¢

g0
T LD Yellow-gray compact
oil‘bﬂzr 5;”9 o

ellow- drown, campac!
variable gravelly SAND
Confdtnr}}g cobbles
tbouldar area

30 encowntfered s¥300)

TE5r
-

a5 Sandy ToP S0/t
Brown, semi- compact
‘ﬁomed/um Fo fine SAND

T7te
[224
BEL 14 Highly organic JOPIOIL
Brown-gray, compact

: y A 3.5 madium fo fine SANG. medium Fo fing SAND |,
2.5 fo fima, 31/fy SAND. ) . ray compact, fine SAND 3.6 Brown [oose SANDEGRAVEL Gray,’conhpaclif gravelly silty (water saforation of 5.4)
FE Gray, compact SAND & GRAVEL. G{éfy-bf‘own, semi- Compact. Brown, loose, SANDE GRAVEL 50 _Gray, commact gravelly SAND &.0 SAND with boclders &0
Rafusal-bovidar. 5ilty SANDEGRAVEL. 6.0 with cobbles. T grown, sami-compact SANDE Refusal on boulder water
E A water-sfopped 8o gﬁf V‘J",. w:f% coggfe.s and bou/ders.
efpsal on Dovlder PR
22.0 SEISMIC DATA .
SHOT | SURFACE EL.|APPROY,ROCK EL |
St &84.7 ; 619.0
52 6667 | | 5850
53 Ge8d || 8220
- - i 3 NOTE S
54 i—ﬁ gzo 6360 — Th; oste contamed hereon are ol l:_??‘eno&d aa;_
55 . representetions or worrantics duf are Furnished for
b ; €943 625;'?.* »hgrmgﬁbn only. It is expr"?.;;ly wndarstood fhat rhe
56 . g3 ! SO70 Go;rernmcﬂf m#naf be fespon:;?b/e ’frbr anry ai.-;’ugf:on,
i e i tenoreFation or conglusion therefrom made by arny
sy 6946 &/3.0 DA o o For )
i T 5700 For focation of Feil pi's and seismie fines see Sheet No.5
T7 | 36 1 6909 - ; - Far [pgend of grepfue syrmbels see Sheet Mon&
2p . T73e T74r T83r 59 | 73 |oaodee
eo ] g0 _ Y ) oo S0 | G757 . 6490
0.8 Highly organrc TOP30/L 0.1 Highly orgenic TOPSOIL .G Orgame TOPS0IL i? 0.5 Sandy TOFSO/L STHRE B
Light brown, compacit Light brawn, semi- compact, Giray, semi. campact L3N i 672 L 650
5.0 medivn fo fine SAND. 7.0 madiwm fo fine SAND stratified coarse fo sz | 7244 750
Water. i Refusal on boulder 3.5 Fine SAND . - .
Brows, semi-compact water 513 6980 G490
medivm To fine SAND . - .
14 6922 o440 -
S5 | o |oEpE THan MERRIMACK VALLEY FLOOD CONTROL
oo £ 4 675 1T . BENNINGTCN DAM
e fusal an cobbie _Ste | eszs  \PGEIST | CONTOOCOOK RIVER
. [ 57 | 6813 G470 RECORD OF FOUNDATION
| 506 | 743 G520 EXPLORATION NO.5
B INKG SHEETS . SHEET nNo-io SCALE AS SnDwN
i 1. S, ENGINEER OFFICE. BOSTON. MASS. JULY, 1946
i APPROVAL RECOMMENDED AFFROVED:
=l T melw {0 sk ]5:'_-‘ % |FLENO. M19-52/%
N REVIQIQNS L PR

PLATE A-1(0



WAR DEPARTMENT

L]
pizo

TSP &,

Note: DIOf fo D106 inclusive are oulsice
the ares shown oo thie plen

PERVIOUS

or =
h _‘-‘-'-‘—.q
'BORROW _AREA 'B” \515

CORPS OF ENGINEERS, U. 5. ARMY

i

BORROW _AREA A

IMPERVIQUS 'BORROW_AREA C’ : j
PERVIOUS = = C T i R T T MIQ-‘SQ/RJ
— T == <

e CrrFour = Origincioeeond guedvos
@ 0I2Y  ritthofe @
Searisric e
Lk 14 Test oot -
omin T ML Test Tranch
NOTEDS
LElavationy greiry Feet and sre bosed om
USCRES datuimof Mean Ses Level .
For Approvimate locations of Borrow
Aress see Shiel Mol
Explarations not showrsn are suteide of
arens shown on plen. .

_ The date canfained hereon are nat
intendled a3 rgore sen P ations or wiwrand,
butpre furnished for information ondy it is
exprasaly vndérstood thet fhe Gorernment
W ROE e Pt SporrSISie For By Sadoction, .

~ intarpretation, orconckision therefrorm

- e .
MERRIMACK. VALLEY FLOOD CONTROL
_ . SENNINGTON DAM ‘

CONTOOCOOK, RIVER 1

MEde by oy bidder or confradtor J
PLAN OF BORROW AREAS
SHEET NO.14 SCALE: = O FT

IN 56 SHEETS

s I

i
|
|
!
7
;
:

1L S, ENGINEER OPPICE, BOSTON. MASS. JULY, 1946
—— .

' "~ .. |[PLATE A-~ll



—

CORPS OF ENGINEERS, U. 5. ARMY

WAR DEPARTMENT !
!
D101 D-103 D-105 D-106
G0 P—X- 2.8 ’ fo—1 N
. TOFPSorL 1.0 TOPSOIL ;0}’5 (/4 ~al. 0 TOPSO/IL [P 2] gG‘PJ’ oL TOPSOIL
- - . rown, semicompac rown, semi-compaxcy, fire, a  compae. ;.
Arowr, ::;ml compact égf f‘,‘?z‘;’;’z ;‘3"“ «:”d:;sgbﬁu Firme SAND ity SAND - with cobbles m’: ;::; ;, r ,.-ﬂ'g:‘:, ¥
omf L4 ¢J as - .
f-m‘ 5‘”pfﬁf§m,: Brown. c omypach, gravelly Browrn, semi- cormnpach Brown, semi-cempach g;z’;’.}‘ E.'om' -compact . . )
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ANALYSIS OF DESIGN

BENNINGTON DAM

APPENDIX B

STRUCTURAL DESIGN COMPUTATIONS

FOREWORD
The computations comprising Appendix B are the
computations made for the final structural design of the

dam and its appurtenances,
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ANALYSIS OF DESIGN .

BENNINGTON DAM

APFENDIX B
STRUCTURAL DESIGN COMPUTATIONS

PLATES VITI-2 & VIII-3 Index
PLATES VIII-L to VIII-85 (Inclusive) = Computations

PLATES VIII-56 & VIII-57 Gate & Hoist Computations
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